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(57) ABSTRACT 

Aliquid crystalline compound represented by Formula (1c): 

k I 

Y1 Y3 

-CFO 2-()) (-(e)) R2 
i. 

Y2 Y4 

wherein R and R, rings A, A, A, A and A, Z, Z, Z 
and Z, Y', Y, Y- and Y', and k, l, m and n are as defined 
in the Specification. Also provided is a liquid crystal com 
position containing at least one of these liquid crystalline 
compounds. 

15 Claims, No Drawings 
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DIFLUOROMETHYLETHER DERVATIVE 
AND PROCESS FOR PRODUCING THE 

SAME 

This application is a Divisional application of application 
Ser. No. 09/925,608, filed Aug. 10, 2001, now U.S. Pat. No. 
6,605,747. 

FIELD OF THE INVENTION 

The present invention relates to a difluoromethyl ether 
derivative which is useful as a liquid crystalline compound, 
a liquid crystal composition comprising the compound and 
a liquid crystal display element using the composition. 
Further, the present invention relates to a simple and efficient 
proceSS for producing the difluoromethyl ether derivative. 

BACKGROUND OF THE INVENTION 

A liquid crystal display element makes use of optical 
anisotropy and dielectric anisotropy of a liquid crystal 
crystalline compound and is used for watches, electric 
calculators, various measuring instruments, panels for 
automobiles, word processors, electronic notebooks, 
printers, personal computers, televisions and portable tele 
phones. There has been an increasing demand therefor year 
by year. A liquid crystal phase is between a Solid phase and 
a liquid phase, and divided roughly into a nematic phase, a 
Smectic phase and a cholesteric phase. Display elements 
making use of a nematic phase are most widely used among 
them at present. A lot of display modes have So far been 
developed, and a dynamic scattering mode (DS mode), a 
guest-host mode (GH mode), a twisted nematic mode (TN 
mode), a super twisted nematic mode (STN mode), a thin 
film transistor mode (TFT mode), a ferroelectric liquid 
crystal mode (FLC mode), etc. are known. 
A recent development in these fields has mainly been in 

miniaturization, reduction in power consumption and 
increase in a response Speed of liquid crystal display ele 
ments as Seen in portable telephones, and liquid crystalline 
compounds and liquid crystal compositions have been 
required to have a low threshold Voltage and a low Viscosity. 
A threshold voltage (Vth) is a function of a dielectric 

anisotropy (Ae) as shown by the following equation (Mol. 
Cryst. Liq. Cryst., 12, 57 (1970)): 

wherein K is an elastic constant, and e0 is a dielectric 
constant in vacuo. 
AS Seen from the above equation, increasing Ae or 

decreasing K can be considered as a method for reducing 
Vth. However, it is still difficult to actually control K by 
conventional techniques, and a liquid crystal material having 
large Ae has generally been used to meet the requirement. 
Therefore, liquid crystalline compounds having large Ae 
have actively been developed. Viscosity is an element which 
affects a response Speed of a liquid crystal molecule against 
an electric field, and a liquid crystalline compound having a 
low Viscosity is preferably used in a large amount in order 
to prepare a liquid crystal composition showing a high Speed 
response. 

In recent years, liquid crystal display elements have 
become widely used in information terminals and portable 
games. These display elements are inevitably driven by 
batteries, and therefore, it is requested that they are driven at 
a low threshold Voltage and have a low power consumption 
So as to be used for long time. Particularly in order to reduce 
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2 
a power consumption of an element itself, a reflective 
display element not requiring backlight has actively been 
developed recently. Liquid crystal compositions used for 
these reflective display elements are required to have a Small 
refractive anisotropy as well as a low threshold Voltage. 
Accordingly, it is important in this field to develop a liquid 
crystalline compound having a large dielectric anisotropy 
and a Small refractive anisotropy as a liquid crystal material 
constituting the composition. The following compounds 
(13) and (14) (JP-A 2-233626) can be shown as a represen 
tative liquid crystal material for driving a display element at 
a low Voltage, which is used for a liquid crystal display 
element of a TFT mode: 

(13) 
F 

R F 

F 

(14) 
F 

F 

wherein R represents an alkyl group. 
Both the compounds (13) and (14) have a 3,4,5- 

trifluorophenyl group at the terminal of a molecule and are 
expected as a liquid crystal material for driving a display 
element at a low voltage. However, the compound (13) has 
a Small dielectric anisotropy (Ae=about 10) for use in the 
reflective display element described above, and the com 
pound (14) has a Satisfactory dielectric anisotropy (Ae= 
about 12) but has a large refractive anisotropy of about 0.12, 
So that it is considered difficult to prepare a liquid crystal 
composition which can Sufficiently Satisfy the above require 
ments by using these compounds. 
JP-A 10-204016 discloses the following compound (15) 

having a difluoromethyleneoxy group as a bonding group, 
which shows far larger dielectric anisotropy (Ae) of about 14 
than that of the above compound (13) while showing a 
clearing point, a refractive anisotropy and a Viscosity 
equivalent to those of the compound (13), and which is 
expected as a liquid crystal material for driving at a low 
Voltage in various TFT modes and also as a liquid crystal 
material for the reflective, display elements described above. 

(15) 

R -O-O-cro F 

In Formula, R represents an alkyl group. 
JP-A 10-204016 discloses a process for producing the 

above compound having a difluoromethyleneoxy group as a 
bonding group, in which a corresponding ester derivative is 
converted to a thioester derivative with a Lawesson's 
reagent (Fieser 13, 38) and the derivative is further fluori 
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nated by reacting with HF-pyridine in the presence of an 
oxidizing agent according to a method disclosed in JP-A 
5-2551.65 to produce the above compound. 

O 

-(-)-y 
aven reagent 

S 

NBs, HF-pyridine 

R-(-)- 2-(-)-cis-(a)-y 

5 

1O 

15 

4 
that the intended difluoromethyl ether derivative can be 
obtained in a high yield by adding halogen to an O.C.- 
difluorocyclohexylidene derivative or a difluorovinyl 
derivative as an intermediate, reacting with a phenol 
derivative, and then reducing it with hydrogen. Further, the 
inventors have found that when adding hydrogen halide to 
the difluorovinyl derivative, a halogen atom is quantitatively 
added onto a difluoromethyl carbon and that it is then 
reacted with a phenol derivative, whereby the intended 
difluoromethyl ether derivative can be obtained in a high 
yield. In addition, the inventors have found that the com 
pound represented by Formula (1c) having a 1,1-difluoro 
2-propenyloxy group as a bonding group, which is obtained 
as an intermediate in the process of the present invention, 
has excellent characteristics as a liquid crystal material, and 
thus completed the present invention. 

The present invention relates to: 

a process for producing a difluoromethyl ether derivative 
represented by Formula (1d): 

(1d) 
Y1 Y3 

k I i. 

Y2 Y4 

In Formula, R" is an alkyl group; rings A", A and A" are 
a 1,4-cyclohexylene group or a 1,4-phenylene group; and Z" 
is a single bond or -CHCH-. 

SUMMARY OF THE INVENTION 

In the process described above, however, the thioesteri 
fication reaction with a Lawesson's reagent results in unsat 
isfactory yield. HF-Pyridine is strongly corrosive and 
requires a Specific facility in handling in the fluorination 
reaction, So that the proceSS is not necessarily simple and 
efficient for producing a difluoromethyl ether derivative. 
Further, there has been no process but the above reported 
process, for producing a compound in which a Substituent 
for a carbon atom of a difluoromethyleneoxy group is a 
cyclohexylene group. 
AS explained above, any Simple and efficient process for 

producing a difluoromethyl ether derivative which shows 
various Suitable physical properties as a liquid crystal com 
pound has not been found yet, and therefore, not only a 
difluoromethyl ether derivative as a liquid crystal compound 
but also a simple process for producing the same have been 
desired to be developed. 
An object of the present invention is to provide a proceSS 

for producing a difluoromethyl ether derivative which shows 
various Suitable physical properties as a liquid crystal 
compound, a liquid crystal composition comprising the 
compound and a liquid crystal display element containing 
the liquid crystal composition, and to provide a simple and 
efficient proceSS for producing the above difluoromethyl 
ether derivative. 

The present inventors have made intensive investigations 
in order to achieve the above object and, as a result, found 
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wherein R and Reach independently represent hydrogen, 
halogen, a cyano group or an alkyl group having 1 to 20 
carbon atoms, in which at least one -CH- may be 
Substituted with O-, S-, CH=CH 

-C=C- but -O-is not adjacent to another -O-, and 
O 

in which any hydrogen may be substituted with fluorine; 

rings A, A, A and A' each independently represent a 
1,4-cyclohexylene group in which at least one 
-CH - may be substituted with -O- or -S-, or 
a 1,4-phenylene group in which at least one =CH 
may be substituted with =N- and at least one hydro 
gen on the ring may be Substituted with fluorine, a 
cyano group or an alkyl group having 1 to 10 carbon 
atoms, 

Z", Z, Zi and Z' each independently represent a single 
bond or an alkylene group having 1 to 4 carbon atoms, 
in which at least one -CH - may be substituted with 
O-, -S-, -CH=CH CEC-but-O 

is not adjacent to another -O-, and in which any 
O 

hydrogen may be substituted with fluorine; 
Y', Y, Y and Y each independently represent 

hydrogen, halogen, a cyano group or an alkyl group 
having 1 to 10 carbon atoms, and 

k, l, m and in each independently represent 0 or 1; 
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which comprises using an O.C.-difluorocyclohexylidene 
derivative represented by Formula (1a): 

(1a) 
F 

k I F 

wherein R', rings A" and A, Z, Z, k and l have the same 
meanings as defined above, as a Starting material. 

The first aspect of the production process according to the 
present invention relates to the process described above, 
which comprises: 

a first step of reacting a compound (1a) having an O.C.- 
difluorocyclohexylidene group at the terminal with 
halogen to produce a compound (1b) 

(1b) 

k I 

wherein R', rings A" and A, Z, Z, k and l have the same 
meanings as defined above, and X represents chlorine, 
bromine or iodine, 

a second step of reacting the compound (1b) with a phenol 
compound (P) 

(P) 

Y1 Y3 

i. 

Y2 Y4 

wherein R, rings A and A', Z, Z', Y, Y-, Y, Y, m and 
n have the same meanings as defined above, in the presence 
of a base to produce a compound (1c) 
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wherein R, R, rings A, A, A and A', Z, Z, Z, Z", Y', 
Yi, Y, Y', k, l, mand n have the same meanings as defined 
above, and 

a third step of reducing the compound (1c) by hydroge 
nation to produce the compound (1 d). 

The Second aspect of the production process according to 
the present invention relates to the process described above, 
which comprises: 

a first step of reacting a compound (1a) having an O.C.- 
difluorocyclohexylidene group at the terminal with 
hydrogen halide to produce a compound (1b') 

k I 

CFX 

wherein R', rings A and A, Z', Z, k and l have the same 
meanings as defined above, and X represents chlorine, 
bromine or iodine, and 

a Second step of reacting the compound (1b") with the 
phenol compound (P) in the presence of a base to 
produce the compound (1 d). 

Further, the present invention relates to a process for 
producing a difluoromethyl ether derivative represented by 
the above Formula (1c) in the first aspect of the production 
process, which comprises: 

a first Step of reacting the Starting material, an O.C.- 
difluorocyclohexylidene derivative represented by For 
mula (1a) with halogen to produce the compound (1b); 
and 

a Second step of reacting the compound (1b) with a phenol 
compound (P) in the presence of a base to produce the 
compound (1c). 

The present invention also relates to a process for pro 
ducing a difluoromethyl ether derivative represented by 
Formula (1d"): 

(1c) 
Y1 Y3 

r(K)--) (K)-)K)- -()) (-(e))- k I i. 

Y2 Y4 
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Y1 Y3 

CFO Z3 Z4 R2 

R1 (a) Z1 () Z2 (e) CH2 r/ i. 
k I Y2 Y4 

wherein R and Reach independently represent hydrogen, 
halogen, a cyano group or an alkyl group having 1 to 20 
carbon atoms, in which at least one -CH2- may be 
Substituted with O-, S-, CH=CH O 
-CEC-but-O-is not adjacent to another -O-, and 
in which any hydrogen may be substituted with fluorine; 

rings A, A, A, A" and Aeach independently represent 
a 1,4-cyclohexylene group in which at least one 
-CH - may be substituted with -O- or -S-, or 
a 1,4-phenylene group in which at least one =CH 
may be substituted with =N- and at least one hydro 
gen on the ring may be Substituted with fluorine, a 
cyano group or an alkyl group having 1 to 10 carbon 
atoms, 

15 RK)–7)K)–7)K)-cis-cincts k I 

wherein R', rings A, A and A, Z, Z, k, l and o have the 
Same meanings as defined above, and X represents chlorine, 
bromine or iodine, 

a Second step of reacting the compound (1b") with the 
phenol compound (P) in the presence of a base to 
produce a compound (1c) 

(1c) 

Y1 Y3 

k I Y2 Y4 

Z, Z, Z and Z' each independently represent a single 
bond or an alkylene group having 1 to 4 carbon atoms, 
in which at least one -CH - may be substituted with 
O-, -S-, -CH=CH- or -C=C-but-O 

is not adjacent to another -O-, and in which any 
hydrogen may be substituted with fluorine; 

Y', Y’, Y and Y each independently represent 
hydrogen, halogen, a cyano group or an alkyl group 
having 1 to 10 carbon atoms, 

k, l, m and in each independently represent 0 or 1; and O 
represents an integer of 1-10; 

which comprises using an 1,1-difluorovinyl derivative rep 
resented by Formula (1a): 

(1a) 

wherein R', rings A, A and A, Z, Z, k, l and o have the 
Same meanings as defined above; as a starting material. 

The third aspect of the production process according to 
the present invention relates to the process described above, 
which comprises: 

a first step of reacting a compound (1a") having a 1,1- 
difluorovinyl group at the terminal with halogen to 
produce a compound (1b") 
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wherein R, R., rings A, A, A, A and A, Z, Z, Z, Z", 
Y', Yi, Y, Y', k, l, m, n and o have the same meanings as 
defined above; and 

a third step of reducing the compound (1c) by hydroge 
nation to produce the compound (1d"). 

The fourth aspect of the production, process according to 
the present invention relates to the process described above, 
which comprises: 

a first step of reacting the compound (1a") having a 
1,1-difluorovinyl group at the terminal with hydrogen 
halide to produce a compound (1b") 

RK)–7)K.)–7)K)-cis-clicts k I 

wherein R', rings A, A and A, Z, Z, X, k, lando have 
the same meanings as defined above, and 

a second step of reacting the compound (1b") with the 
phenol compound (P) in the presence of a base to 
produce the compound (1d"). 

Further, the present invention relates to a process for 
producing a difluoromethyl ether derivative represented by 
Formula (1c) in the third aspect of the production process 
described above, which comprises: 

a first Step of reacting the Starting material, a 1,1- 
difluorovinyl derivative represented by Formula (1a) 
with halogen to produce the compound (1b"); and 
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a second step of reacting the compound (1b") with the 
phenol compound (P) in the presence of a base to 
produce a compound (1c). 

The liquid crystalline compound of the present invention 
is represented by Formula (1c): 

10 
The liquid crystal composition of the present invention 

also comprises at least one liquid crystalline compound 
described above as a first component and at least one 
compound Selected from the group A consisting of com 
pounds (2), (3) and (4) as a second component: 

(1c) 

Y1 Y3 

k I Y2 Y4 

wherein R' and Reach independently-represent hydrogen, 
halogen, a cyano group or an alkyl group having 1 to 20 
carbon atoms, in which at least one -CH2- may be 
Substituted with O-, S-, CH=CH 

-CEC-but-O-is not adjacent to another -O-, and 
in which any hydrogen may be substituted with fluorine; 

O 

rings A, A, A, A" and Aeach independently represent 
a 1,4-cyclohexylene group in which at least one 
-CH - may be substituted with -O- or -S-, or 
a 1,4-phenylene group in which at least one =CH 
may be substituted with =N- and at least one hydro 
gen on the ring may be Substituted with fluorine, a 
cyano group or an alkyl group having 1 to 10 carbon 
atoms, 

Z, Z, Z and Z' each independently represent a single 
bond or an alkylene group having 1 to 4 carbon atoms, 
in which at least one -CH - may be substituted with 
O-, -S-, -CH=CH CEC-but-O 

is not adjacent to another -O-, and in which any 
O 

hydrogen may be substituted with fluorine; 

Y', Yi, Y and Y each independently represent 
hydrogen, halogen, a cyano group or an alkyl group 
having 1 to 10 carbon atoms, 

k, l, m and n each independently represent 0 or 1; and 
o represents an integer of 1-10. 
The liquid crystalline compound of the present invention 

is that of the above Formula (1c"), wherein the ring A is a 
1,4-cyclohexylene group. 
The liquid crystalline compound of the present invention 

is that of the above Formula (1c"), wherein both Y and Y 
are fluorine atoms, and both Y and Y are hydrogen atoms. 
The liquid crystalline compound of the present invention 

is that of the above Formula (1c"), wherein both Y and Y: 
are hydrogen. 
The liquid crystal composition of the present invention 

comprises at least one liquid crystalline compound described 
above. 

25 

35 

40 

45 

50 

55 

60 

65 

L1 (2) 

R3 -(-)- 75 -(- X1 
L2 

(3) 

L1 

R-(-)- r-(r)- -- 
L2 

(4) 

L1 

-(-)-(-)--O--- 
L2 

wherein R represents an alkyl group having 1 to 10 carbon 
atoms, in which any -CH2- not adjacent to each other 
may be substituted with -O- or -CH=CH- and any 
hydrogen may be substituted with fluorine; X' represents 
fluorine, chlorine, -OCF, -OCFH, -CF, -CFH, 
—CFH,-OCFCF-H or —OCFCFHCF; L and Leach 
independently represent hydrogen or fluorine; Z and Z 
each independently represent -(CH2)2-, -(CH2)4-, 
COO-, -CFO-, -OCF-, -CH=CH- or a 

Single bond; rings A and B each independently represent a 
1,4-cyclohexylene group, a 1,3-dioxane-2,5-diyl group, or a 
1,4-phenylene group in which hydrogen may be Substituted 
with fluorine; and ring C represents a 1,4-cyclohexylene 
group, or a 1,4-phenylene group in which hydrogen may be 
Substituted with fluorine. 

The liquid crystal composition of the present invention 
comprises at least one liquid crystalline compound described 
above as a first component and at least one compound 
Selected from the group B consisting of compounds (5) and 
(6) as a Second component: 
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(5) 

L3 

-(-)-(()) (()) (- b C 

L4 

L5 (6) 

r- / ( ) ( ) F 
N d 

wherein R' and Reach independently represent an alkyl 
group having 1 to 10 carbon atoms, in which any -CH2 
not adjacent to each other may be substituted with-O- or 
-CH=CH- and any hydrogen may be substituted with 
fluorine; X represents -CN or -C=C-CN; ring D 
represents a 1,4-cyclohexylene group, a 1,4-phenylene 
group, a 1,3-dioxane-2,5-diyl group or a pyrimidine-2,5-diyl 
group, ring E represents a 1,4-cyclohexylene group, a 1,4- 
phenylene group in which hydrogen may be Substituted with 
fluorine, or a pyrimidine-2,5-diyl group, ring F represents a 
1,4-cyclohexylene group or a 1,4-phenylene group; Z rep 
resents -(CR)-,-COO-, -CFO-, -OCF- or a 
single bond; L. L and L each independently represent 
hydrogen or fluorine; and b, c and d each independently 
represent 0 or 1. 

The liquid crystal composition of the present invention 
comprises at least one liquid crystalline compound described 
above as a first component and at least one compound 
Selected from the group C consisting of compounds (7), (8) 
and (9) as a Second component: 

F F 

-(-)-3- 
(8) 

F F 

-O-O-R)- 
(9) 

L6 L6 L7 L7 

R6 -()– 78 -- 79 -- R7 
wherein R and R7 each independently represent an alkyl 
group having 1 to 10 carbon atoms, in which any -CH2 
not adjacent to each other may be substituted with-O- or 
-CH=CH- and any hydrogen may be substituted with 
fluorine, rings G and I each independently represent a 
1,4-cyclohexylene group or a 1,4-phenylene group; L and 
Leach independently represent hydrogen or fluorine, but 
Land L7 are not hydrogen at the same time; and Z and Z 
each independently represent -(CH2)--, -COO- or a 
Single bond. 

The liquid crystal composition of the present invention 
comprises at least one liquid crystalline compound described 

(7) 
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12 
above as a first component, at least one compound Selected 
from the group A consisting of the compounds (2), (3) and 
(4) as a second component and at least one compound 
Selected from the group D consisting of compounds (10), 
(11) and (12) as a third component: 

(11) 

(12) 

R-O-()-2'-(-)-(a)- 
wherein R and Reach independently represent an alkyl 
group having 1 to 10 carbon atoms, in which any -CH 
not adjacent to each other may be substituted with-O- or 
-CH=CH- and any hydrogen may be substituted with 
fluorine, rings J, K and M each independently represent a 
1,4-cyclohexylene group, a pyrimidine-2,5-diyl group, or a 
1,4-phenylene group in which hydrogen may be Substituted 
with fluorine; and Z' and Z' each independently represent 
C=C-, -COO-, -(CH)-, -CH=CH- or a 

Single bond. 
The liquid crystal composition of the present invention 

comprises at least one liquid crystalline compound described 
above as a first component, at least one compound Selected 
from the group B consisting of the compounds (5) and (6) as 
a Second component and at least one compound Selected 
from the group D consisting of the compounds (10), (11) and 
(12) as a third component. 
The liquid crystal composition of the present invention 

comprises at least one liquid crystalline compound described 
above as a first component, at least one compound Selected 
from the compound group C consisting of the compounds 
(7), (8) and (9) as a Second component and at least one 
compound Selected from the group D consisting of the 
compounds (10), (11) and (12) as a third component. 
The liquid crystal composition of the present invention 

also comprises at least one liquid crystalline compound 
described above as a first component, at least one compound 
Selected from the group A consisting of the compounds (2), 
(3) and (4) and at least one compound Selected from the 
group B consisting of the compounds (5) and (6) as a second 
component and at least one compound Selected from the 
group D consisting of the compounds (10), (11) and (12) as 
a third component. 

Further, the liquid crystal composition of the present 
invention comprises the liquid crystal composition 
described above, and further, at least one optically active 
compound. 
The liquid crystal display element of the present invention 

comprises the liquid crystal composition described above. 
DETAILED DESCRIPTION OF THE 

INVENTION 

The production process of the present invention shall be 
explained below in process (A) using the O.C.- 
difluorocyclohexylidene derivative (1a) as a starting mate 
rial and process (B) using the 1,1-difluorovinyl derivative 
(1a) as a starting material. 

(10) 
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Process (A) 
The process for producing the difluoromethyl ether 

derivative represented by Formula (1 d) of the present inven 
tion is characterized by using the C., C.- 
difluorocyclohexylidene derivative represented by Formula 
(1a) as a starting material. 

The difluoromethyl ether derivative, which can be pro 
duced by the production process (A) of the present 
invention, is represented by Formula (1 d) and referred to as 
the compound (1 d). 

In the compound (1d), R' and R each independently 
represent hydrogen, halogen, a cyano group or an alkyl 
group having 1 to 20 carbon atoms, in which at least one 
-CH - may be substituted with -O-, -S-, 
CH=CH- or -C=C- but -O- is not adjacent to 

another -O-, and in which any hydrogen may be Substi 
tuted with fluorine. 

The rings A' to A' each independently represent a 1,4- 
cyclohexylene group in which at least one -CH2- may be 
Substituted with -O- or -S-, a 1,4-phenylene group in 
which at least one =CH- may be substituted with =N-, 
or a 1,4-phenylene group in which at least one hydrogen on 
the ring may be Substituted with fluorine, a cyano group or 
an alkyl group having 1 to 10 carbon atoms. 

Y', Yi, Y and Y each independently represent 
hydrogen, halogen, a cyano group or an alkyl group having 
1 to 10 carbon atoms. 

Z" to Z each independently represent a single bond or an 
alkylene group having 1 to 4 carbon atoms, in which at least 
one -CH - may be substituted with -O-, -S-, 
CH=CH- or -C=C- but -O- is not adjacent to 

another -O-, and in which any hydrogen may be substi 
tuted with fluorine. 

k, l, m and n each independently represent 0 or 1. 
Preferable R and Rare, for example, hydrogen, halogen, 

a cyano group, an alkyl group, an alkoxy group, an alkoxy 
alkyl group, an alkylthio group, an alkylthioalkyl group, an 
alkenyl group, an alkenyloxy group, an alkenylthio group, a 
fluoro-Substituted alkyl group, a fluoro-Substituted alkoxy 
group, a fluoro-Substituted alkoxyalkyl group, a fluoro 
Substituted alkenyl group, a fluoro-Substituted alkenylthio 
group and a fluoro-Substituted alkenyloxy group. 
More preferred halogens are fluorine, chlorine and bro 

mine. More preferred alkyl groups are methyl, ethyl, propyl, 
isopropyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl and 
decyl. More preferred alkoxy groups are methoxy, ethoxy, 
propoxy, butoxy, pentoxy, heptyloxy and octyloxy. More 
preferred alkoxyalkyl groups are methoxymethyl, 
ethoxy methyl, propoxy methyl, prop oxyethyl, 
methoxypropyl, ethoxypropyl and propoxypropyl. More 
preferred alkylthio groups are methylthio, ethylthio, 
propylthio, butylthio, pentylthio, hexylthio, heptylthio and 
octylthio. More preferred alkylthioalkyl groups are 
methylthiomethyl, ethylthiomethyl, propylthiomethyl, 
butylthiomethyl, methylthioethyl, ethylthioethyl, 
propylthioethyl, methylthiopropyl, ethylthiopropyl and pro 
pylthiopropyl. More preferred alkenyl groups are vinyl, 
1-prope nyl, 1-bute nyl, 1-pentenyl, 3-bute nyl and 
3-pentenyl. More preferred alkenyloxy group is allyloxy. 
More preferred fluoro-Substituted alkyl groups are 
trifluoromethyl, fluoromethyl, 2-fluoroethyl, difluoromethyl, 
2.2.2-trifluoroethyl, 1,1,2,2-tetrafluoroethyl, 2-fluoropropyl, 
3-fluoropropyl, 4-fluorobutyl and 5-fluoropentyl. More pre 
ferred fluoro-Substituted alkoxy groups are fluoromethoxy, 
trifluoromethoxy, difluoromethoxy, pentafluoroethoxy, 1,1, 
2,2-tetrafluoroethoxy, heptafluoropropoxy and 1,1,2,3,3,3- 
hexafluoropropoxy. More preferred fluoro-substituted alk 
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14 
enyl groups are 2-fluoroethenyl, 2,2-difluoroethenyl, 1,2,2- 
trifluoroethenyl, 3-fluoro-1-butenyl and 4-fluoro-1-butenyl. 
More preferred fluoro-substituted alkenylthio groups are 
trifluoromethylthio, difluoromethylthio, 1,1,2,2- 
tetrafluoroethylthio and 2.2.2-trifluoroethylthio. 

Specifically, rings A to A' having ring structures repre 
sented by the following Formulas (r-1) to (r-22) can be 
produced. 

(r-1) 

(r-2) 

(r-3) 

(r-4) 

(r-5) 

(r-6) 

(r-7) 

(r-8) 

(r-9) 

(r-10) 

(r-11) 

(r-12) 
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-continued 

( ) 
– 

(r-13) 

(r-14) 

- (r-15) 

(r-16) 

(r-17) 

(r-18) 

(r-19) 

(r-20) 

(r-21) 

(r-22) 

Specifically, Z to Z include a single bond, 1.2-ethylene, 
1,4-butylene, methyleneoxy, oxymethylene, propyleneoxy, 
oxypropylene, vinylene, 1 (E)-1,4-butenylene, 2(Z)-1,4- 
bute nylene, 3(E)-1,4-bute nylene, ethynylene, 1,4- 
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16 
butynylene, 1,1-difluoro-1,2-ethylene, 1,1,2,2-tetrafluoro-1, 
2-ethylene and 1,1-difluoro-1,4-butylene. 
The production process of the present invention includes 

Reaction (1) comprising a first step of reacting the com 
pound (1a) having an O.C.-difluorocyclohexylidene group at 
the terminal with halogen to produce the compound (1b), a 
Second step of reacting the compound (1b) with the phenol 
compound (P) in the presence of a base to produce the 
compound (1c) and a third step of reducing the compound 
(1c) by hydrogenation to produce the compound (1d), and 
Reaction (2) comprising a first step of reacting the com 
pound (1a) having an O.C.-difluorocyclohexylidene group at 
the terminal with hydrogen halide to produce the compound 
(1b") and a second step of reacting the compound (1b") with 
the phenol compound (P) in the presence of a base to 
produce the compound (1 d). 
Reaction (1) 
The Reaction (1) is characterized by comprising a first 

Step of reacting the compound (1a) having an O.C.- 
difluorocyclohexylidene group at the terminal with halogen 
to produce the compound (1b), a second step of reacting the 
compound (1b) with the phenol compound (P) in the pres 
ence of a base to produce the compound (1c) and a third step 
of reducing the compound (1c) by hydrogenation to produce 
the compound (1 d). 
First Step 
The first Step is characterized by addition-reacting the 

compound (1a) having an O.C.-difluorocyclohexylidene 
group at the terminal with halogen to produce the compound 
(1b). 
Compound (1a) 
The compound (1a) is characterized by having an O.C.- 

difluorocyclohexylidene group at the terminal. 
The compound (1a), which is a starting material in the 

process (A) for producing the difluoromethyl ether deriva 
tive of the present invention, can easily be produced by a 
perSon Skilled in the art. It can readily be produced, for 
example, by reacting difluoromethylene-tris(dialkylamino) 
phosphorane with a cyclohexanone derivative (1) according 
to the methods described in Douglas G. Naae and Donald J. 
Burton, Synth. Commun., 3 (3), 197 (1973) and Sei-ichi 
Hayashi et al., Chem. Lett., 1979,983. 

In Formula, R', ring A', ring A, Z, Z, k and l have the 
Same meanings as defined above, and R represents an alkyl 
grOup. 

Difluoromethylenetris(dialkylamino)phosphorane can be 
prepared from tris(dialkylamino)phosphine and dibromodi 
fluoromethane. The cyclohexanone derivative (1) can 
readily be obtained as a commercial product or according to 
the methods described in organic Synthetic publications Such 
as New Experimental Chemistry Course (published by 
Maruzen Co., Ltd.). 
Halogen 

Halogen used in the first Step is preferably any of chlorine, 
bromine and iodine. In particular, bromine is preferred. 
Reaction Conditions 
Any Solvent can be used as long as it does not react with 

any of the compound (1a), chlorine, bromine and iodine. 
Reaction Solvents preferably used are aromatic compounds, 
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aliphatic hydrocarbons, alicyclic hydrocarbons, aliphatic 
ether compounds, cyclic ether compounds, aprotic polar 
Solvents and halogenated hydrocarbons. Preferred aromatic 
compounds are benzene, toluene, chlorobenzene and bro 
mobenzene. Preferred aliphatic hydrocarbons are hexane 
and heptane. A preferred alicyclic hydrocarbon is cyclohex 
ane. Preferred aliphatic ether compounds are diethyl ether, 
methyl t-butyl ether, ethylene glycol dimethyl ether and 
diethylene glycol dimethyl ether. Preferred cyclic ether 
compounds are tetrahydrofuran (hereinafter abbreviated as 
THF) and dioxane. Preferred aprotic polar solvents are 
N,N-dimethylformamide (hereinafter abbreviated as DMF), 
dimethylsulfoxide (hereinafter abbreviated as DMSO) and 
acetonitrile. Preferred halogenated hydrocarbons are 
dichloromethane, chloroform, carbon tetrachloride and 1,2- 
dichloroethane. The addition reaction can be carried out by 
mixing the solvents described above. More preferred reac 
tion Solvents are the aromatic compounds, the aliphatic ether 
compounds, the cyclic ether compounds and the halogenated 
hydrocarbons which have a large Solubility for halogens and 
the resulting halogen adducts. 

An amount of the Solvent used is not particularly limited 
as long as the reaction can be carried out safely and Stably. 
Preferably, it is in the range of 5 to 20 times the weight of 
the compound (1a). 

The reaction temperature is not particularly limited as 
long as Stirring can be carried out well. It is preferably in the 
range of -70° C. to a boiling point of the solvent depending 
on a Structure of the compound. It is more preferably in the 
range of -50 to -20° C. So as not to eliminate halogen or 
hydrogen halide from the resulting compound (1b) and So as 
to elevate the conversion rate. 

An amount of halogen used is preferably equivalent to or 
more than that of the compound (1a). It is more preferably 
in the range of 1.0 to 1.5 equivalent based on that of the 
compound (1a). The amount in the above range makes it 
possible to reduce unreacted materials. 

The reaction time largely depends on the Structure of the 
compound and the reaction temperature, and the reaction 
shall be completed in about one hour after adding halogen 
dropwise. 

Second Step 

The Second Step is characterized by reacting the com 
pound (1b) with the phenol compound (P) in the presence of 
a base to produce the compound (1c), i.e., it is characterized 
by etherification. 

Compound (P) 

The phenol derivative (P) used for the etherification 
reaction can be produced according to the method of R. L. 
Kidwell et al. (Org. Synth., V, 918 (1973)). 

First, a Grignard reagent is prepared from a bromoben 
Zene derivative (P-1). The Grignard reagent is reacted with 
trialkyl borate to prepare a borate derivative. This is oxi 
dized with a peroxide Such as hydrogen peroxide and 
peracetic acid, whereby the phenol derivative (P) can be 
produced. 
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Y1 Y3 

i. 

Y2 Y4 
(P-1) 

1) Mg 
2) B(RO) 
3) H2O2/AcOH 

Y1 Y3 

i. 

Y2 Y4 
(P) 

In Formulas, R, ring A, ring A", Z, Z", Y', Yi, Y, Y', m 
and n have the same meanings as defined above, and R' 
represents an alkyl group. 
The phenol derivative (P) can be produced as well accord 

ing to the methods described in JP-A 62–11716, J. Fluorine 
Chem., (1994), 67 (1), 41, JP-A 3-246244, JP-A 62-207229 
and JP-A 2-34335. 
Reaction Conditions 
The etherification reaction of the Second step can be 

carried out under conditions of a generally known William 
Son reaction. 

Preferred bases to be used for the etherification reaction 
are alkaline metal hydroxides, alkaline metal carbonates, 
metal alcolates, hydrides of alkaline metals, metal oxides 
Such as Silver oxide, and amines. Preferred alkaline metal 
oxides are potassium hydroxide and Sodium hydroxide. 
Preferred alkaline metal carbonates are potassium carbonate, 
Sodium carbonate, Sodium hydrogencarbonate and cesium 
carbonate. Preferred metal alcolates are Sodium methylate, 
Sodium ethylate and potassium t-butoxide. A preferred 
hydride of alkaline metals is sodium hydride. Preferred 
metal oxides are barium oxide and silver oxide. Preferred 
amines are diethylamine and triethylamine. Particularly pre 
ferred are the alkaline metal hydroxides and the alkaline 
metal carbonates which are easy to handle. 
An amount of the base used is preferably equivalent to or 

more than that of the compound (1b). It is more preferably 
in the range of 2 to 5 equivalents based on that of the 
compound (1b). The amount in the above range makes it 
possible to elevate a conversion rate in the reaction. 
Any Solvents can be used as long as they react with 

neither the compound (1b) nor the phenol compound (P). 
Preferably used reaction Solvents are ketones, aromatic 
compounds, aliphatic hydrocarbons, alicyclic hydrocarbons, 
aliphatic ether compounds, cyclic ether compounds, aprotic 
polar Solvents and water. Preferred ketones are acetone and 
2-butanone. Preferred aromatic compounds are benzene and 
toluene. Preferred aliphatic hydrocarbons are hexane and 
heptane. A preferred alicyclic hydrocarbon is cyclohexane. 
Preferred aliphatic ether compounds are diethyl ether, 
methyl-t-butyl ether, ethylene glycol dimethyl ether and 
diethylene glycol dimethyl ether. Preferred cyclic ether 
compounds are THF and dioxane. Preferred aprotic polar 
solvents are DMF, DMSO, acetonitrile and 1-methyl-2- 
pyrrolidinone (hereinafter abbreviated as NMP). The etheri 
fication reaction can be carried out as well by mixing the 
solvents described above. Particularly preferred reaction 
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Solvents are the aromatic compounds, the cyclic ether com 
pounds and the aprotic polar Solvents which can elevate the 
reaction Speed and complete the reaction in Short time and 
which have relatively high boiling points. 
An amount of the Solvent used is not particularly limited 

as long as the reaction can be carried out safely and Stably. 
Preferably, it is in the range of 5 to 20 times the weight of 
the compound (1b). 

The reaction temperature is preferably in the range of 
room temperature to a boiling point of the Solvent. It is more 
preferably in the range of 80 to 130 C. So as not to produce 
the compound (1a) by elimination of halogen from the 
compound (1b) and So as to elevate a conversion rate in the 
etherification reaction. 

The reaction time largely depends on the kind of the 
compound (1b) and the reaction temperature, and it is 
preferably 1 to 10 hours when carrying out the reaction at a 
temperature in the range of 80 to 130 C. 

In the etherification reaction of the Second step, a halide 
Salt or a quaternary ammonium Salt may be added to increase 
the reaction Speed. Preferred halide Salts are potassium 
bromide and potassium iodide. Preferred quaternary 
ammonium,Salts are tetraalkylammonium halide and tet 
raalkylammonium tetrafluoroborate. 
An amount of the halide Salt or the quaternary ammonium 

salt used is preferably 0.03 or more equivalent, more pref 
erably 0.05 to 0.3 equivalent based on the compound (1b). 
Third Step 

The third Step is characterized by reducing the compound 
(1c) by hydrogenation to produce the compound (1d). 
Reaction Conditions 
The hydrogenation reduction of the third step can be 

carried out using various metal catalysts described in pub 
lications Such as S. Nishimura et al., Catalytic Hydrogena 
tion Catalyst (published by Tokyo Kagaku Dojin Co., Ltd.). 
Metal catalysts preferably comprise the following metals, 
for example, nickel, cobalt, iron, copper, molybdenum, 
tungsten, ruthenium, rhodium, platinum, palladium, 
oSmium, rhenium, iridium, chromium, titanium and Zirco 
nium. Nickel catalysts and palladium catalysts are particu 
larly preferred. Both are available in the market and easy to 
obtain and treat. Raney-Ni is available as the nickel base 
catalyst, and a palladium-carbon catalyst is available as the 
palladium base catalyst. 
An amount of the metal catalyst used is preferably in the 

range of 1 to 30% by weight based on the compound (1c). 
More preferably, it is in the range of 3 to 10% by weight so 
as to efficiently advance the reaction and complete it in short 
time. 
Any Solvents can be used as long as they do not react with 

the compound (1c). Preferably used reaction Solvents are 
aromatic compounds, aliphatic hydrocarbons, alicyclic 
hydrocarbons, aliphatic ether compounds, cyclic ether com 
pounds and alcohols. Preferred aromatic compounds are 
benzene and toluene. Preferred aliphatic hydrocarbons are 
hexane and heptane. A preferred alicyclic hydrocarbon is 
cyclohexane. Preferred aliphatic ether compounds are 
diethyl ether, methyl-t-butyl ether, ethylene glycol dimethyl 
ether and diethylene glycol dimethyl ether. Preferred cyclic 
ether compounds are THF and dioxane. Preferred alcohols 
are ethanol and propanol. Particularly preferred reaction 
Solvents are the aromatic compounds and the alcohols which 
have a large Solubility for the compound (1c). 
An amount of the Solvent used is not particularly limited 

as long as the reaction can be carried out safely and Stably. 
Preferably, it is in the range of 5 to 20 times the weight of 
the compound (1c). 
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The reaction temperature is preferably in the range of 

room temperature to a boiling point of the Solvent. In the 
case of the compound (1c) wherein at least one of Y', Y, Y 
and Y is Substituted with halogen, the reaction temperature 
is more preferably in the range of 0°C. to room temperature 
So as not to reduce Substituted halogens by hydrogenation. 
The temperature in the range of O C. to room temperature 
makes it possible to elevate a trans Selectivity of the cyclo 
hexane ring. 
The hydrogen pressure is preferably in the range of 

atmospheric pressure to 5 MPa. It is more preferably in the 
range of 0.1 to 1 MPa So as to elevate a trans selectivity of 
the cyclohexane ring of the resulting compound (1 d) and 
reduce the reaction time. 
The reaction time largely depends on the kind of the 

compound (1c) and the reaction temperature, and it is 
preferably 2 to 10 hours when carrying out the reaction at a 
temperature in the range of 0° C. to room temperature. 
The compounds produced in the respective Steps for 

producing the difluoromethyl ether derivative of the present 
invention can be separated by methods conventionally used 
in organic Synthesis. 

For example, water and an organic Solvent for extraction 
are added to the reaction product and Stirred. The organic 
layer is Separated, then washed with water, and dried over a 
desiccating agent, for example, anhydrous Sodium Sulfate or 
anhydrous magnesium Sulfate. Then, the organic Solvent is 
removed under reduced pressure to give a product as a 
concentrated residue having a purity of 80% or more. The 
residue is treated by means of a Silica gel chromatography or 
distilled to give a product having a purity of 90% or more. 
The product having a purity of 90% or more is recrystallized 
to obtain a product having a purity of 95% or more. 
Reaction (2) 
The Reaction (2) is characterized by comprising a first 

Step of reacting the compound (1a) having an O.C.- 
difluorocyclohexylidene group at the terminal with hydro 
gen halide to produce the compound (1b) and a second step 
of reacting the compound (1b") with the phenol compound 
(P) in the presence of a base to produce the compound (1 d). 
First Step 
The first Step is characterized by reacting the compound 

(1a) having an O.C.-difluorocyclohexylidene group at the 
terminal with hydrogen halide to produce the compound 
(1b). 
Compound (1a) 

It is the same compound as described in the Reaction (1). 
Hydrogen Halide 

Hydrogen halide used in the first Step is preferably any of 
hydrogen chloride, hydrogen bromide and hydrogen iodide. 
Hydrogen bromide is particularly preferred. The reaction 
may be carried out with commercially available 47% hydro 
bromic acid and 55% hydroiodic acid. 
Reaction Conditions 
More preferred reaction Solvents are aliphatic ether 

compounds, cyclic ether compounds or halogenated hydro 
carbons which have a large Solubility for hydrogen halides 
and the resulting halogen adducts. 
The reaction temperature is not particularly limited as 

long as Stirring can be carried out well. It is preferably in the 
range of 0°C. to a boiling point of the Solvent, depending on 
the Structure of the compound. It is more preferably in the 
range of room temperature to 80 C. So as to elevate the 
conversion rate. 
The reaction time largely depends on the Structure of the 

compound and the reaction temperature, and the reaction 
shall be completed in about 6 hours after adding hydroha 
logenic acid dropwise. 
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Second Step 
Compound (P) 
The compound (P) used in the etherification reaction is 

the same as the compound (P) described in the Second step 
of the Reaction (1). 
Reaction Conditions 
The etherification reaction in the Second step can be 

carried out under conditions of a generally known William 
Son reaction. All conditions for the etherification reaction 
including a base are the same as those described in the 
Second step of the Reaction (1). 

The products produced in the respective Steps for produc 
ing the difluoromethyl ether derivative of the present inven 
tion can be separated by methods conventionally used in 
organic Synthesis. 

For example, water and an organic Solvent for extraction 
are added to the reaction product and Stirred. The organic 
layer is Separated, then washed with water, and dried over a 
desiccating agent, for example, anhydrous Sodium Sulfate or 
anhydrous magnesium Sulfate. Then, the organic Solvent is 
removed under reduced pressure to give a product as a 
concentrated residue having a purity of 80% or more. The 
residue is treated by means of a Silica gel chromatography or 
distilled to give a product having a purity of 90% or more. 
The product having a purity of 90% or more is recrystallized 
to obtain a product having a purity of 95% or more. 
Process (B) 

The process for producing the difluoromethyl ether 
derivative represented by Formula (1d") of the present inven 
tion is characterized by using the 1,1-difluorovinyl deriva 
tive represented by Formula (1a) as a starting material. 

The difluoromethyl ether derivative, which can be pro 
duced by the production process (B) of the present 
invention, is represented by Formula (1d") and referred to as 
the compound (1d"). 

The production process (B) of the present invention 
include Reaction (3) comprising a first step of reacting the 
compound (1a") having a 1,1-difluorovinyl group at the 
terminal with halogen to produce the compound (1b"), a 
Second step of reacting the compound (1b") with the phenol 
compound (P) in the presence of a base to produce the 
compound (1c) and a third step of reducing the compound 
(1c') by hydrogenation to produce the compound (1d"), and 
Reaction (4) comprising a first step of reacting the com 
pound (1a") having a 1,1-difluorovinyl group at the terminal 
of reacting with halogen halide to produce the compound 
(1b") and a second step of reacting the compound (1b") 
with the phenol compound (P) in the presence of a base to 
produce the compound (1d"). 
Reaction (3) 

The Reaction (3) is characterized by comprising a first 
Step in which the compound (1a") having a 1,1-difluorovinyl 
group at the terminal is reacted with halogen to produce the 
compound (1b"), a second step in which the compound (1b") 
is reacted with the phenol compound (P) in the presence of 
a base to produce the compound (1c) and a third step in 
which the compound (1c) is reduced by hydrogenation to 
produce the compound (1d"). 
First Step 

The first Step is characterized by reacting the compound 
(1a") having a 1,1-difluorovinyl group at the terminal with 
halogen to produce the compound (1b"). 
Compound (1a) 
The compound (1a") is characterized by having a 1,1- 

difluorovinyl group at the terminal. 
The compound (1a"), which is a starting material in the 

process (B) for producing the difluoromethyl ether deriva 
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22 
tive of the present invention, can easily be produced by a 
perSon Skilled in the art. It can readily be produced, for 
example, by reacting difluoromethylene-tris(dialkylamino) 
phosphorane with an aldehyde derivative (1) according to 
the methods described in Douglas G. Naae and Donald J. 
Burton, Synth. Commun., 3 (3), 197 (1973) and Sei-ichi 
Hayashi et al., Chem. Lett., 1979,983. 

1) CBrF2 
--- (RN)P 2) (1) (1a) 

(I) 

O 

R (K)-)K)-K)-cis k I H 

In Formula, R', rings A, A and A, Z, Z, k, l and o have 
the Same meanings as defined above, and R represents an 
alkyl group. 
The aldehyde derivative (1) can readily be obtained as a 

commercial product or according to the methods described 
in organic Synthetic publications Such as New Experimental 
Chemistry Course (published by Maruzen Co., Ltd.). 

Further, the compound (1a) can readily be produced as 
well by reacting difluoromethylene-triphenylphosphorane 
with the aldehyde derivative (1") according to the methods 
described in S. A. Fuqua, W. G. Duncan, R. M. Silverstein, 
Org. Synth., Coll. Vol. V, 390 (1973) and JP-A 1-175947. 
Difluoromethylenetriphenyl-phosphorane can be prepared 
from Sodium chlorodifluoro acetate and triphenylphosphine. 
Halogen 

Halogen used in the first Step is preferably any of chlorine, 
bromine and iodine. In particular, bromine is preferred. 
Reaction Conditions 
Any Solvent can be used as long as it does not react with 

any of the compound (1a"), chlorine, bromine and iodine. 
The reaction Solvents are the same as those preferably used 
in the first step of the Reaction (1) in the process (A) 
described above. An amount of the Solvent used, the reaction 
temperature, an amount of halogen used and the reaction 
time are the same as well. 
Second Step 
The Second Step is characterized by reacting the com 

pound (1b") with the phenol compound (P) in the presence 
of a base to produce the compound (1c), i.e., it is charac 
terized by etherification. 
Compound (P) 
The phenol derivative (P) used for the etherification 

reaction is the same as that described in the Second Step of 
the Reaction (1) in the process (A). 
Reaction Conditions 
The etherification reaction of the Second step can be 

carried out under conditions of a generally known William 
Son reaction. All conditions for the etherification reaction 
including a base are the same as those described in the 
Second step of the Reaction (1) in the process (A). 
Third Step 
The third step is characterized by reducing the compound 

(1c) by hydrogenation to produce the compound (1d"). 
Reaction Conditions 
The catalyst used, an amount thereof, the reaction Solvent 

and an amount thereof in the hydrogenation reduction of the 
third step are the same as described in the third step of the 
Reaction (1) in the process (A). 
The reaction temperature is preferably in the range of 

room temperature to a boiling point of the Solvent. In the 
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case of the compound (1c) wherein at least one of Y', Y, 
Y and Y is substituted with halogen, the reaction tempera 
ture is more preferably in the range of O C. to room 
temperature So as not to reduce Substituted halogens by 
hydrogenation. 

The reaction time largely depends on the kind of the 
compound (1c) and the reaction temperature, and it is 
preferably 2 to 10 hours when carrying out the reaction at a 
temperature in the range of 0° C. to room temperature. 

The compounds produced in the respective Steps for 
producing the difluoromethyl ether derivative of the present 
invention can be separated by methods conventionally used 
in organic Synthesis. 

For example, water and an organic Solvent for extraction 
are added to the reaction product and Stirred. The organic 
layer is Separated, then washed with water, and dried over a 
desiccating agent, for example, anhydrous Sodium Sulfate or 
anhydrous magnesium Sulfate. Then, the organic Solvent is 
removed under reduced pressure to give a product as a 
concentrated residue having a purity of 80% or more. The 
residue is treated by means of a Silica gel chromatography or 
distilled to give a product having a purity of 90% or more. 
The product having a purity of 90% or more is recrystallized 
to obtain a product having a purity of 95% or more. 
Reaction (4) 

The Reaction (4) is characterized by comprising a first 
Step of reacting the compound (1a") having a 1,1- 
difluorovinyl group at the terminal with hydrogen halide to 
produce the compound (1b") and a second step of reacting 
the compound (1b") with the phenol compound (P) in the 
presence of a base to produce the compound (1d"). 
First Step 

The first Step is characterized by reacting the compound 
(1a") having a 1,1-difluorovinyl group at the terminal with 
hydrogen halide to produce the compound (1b"). 
Compound (1a) 

It is the same compound as described in the Reaction (3). 
Hydrogen Halide 

Hydrogen halide used in the first Step is preferably any of 
hydrogen chloride, hydrogen bromide and hydrogen iodide. 
In particular, hydrogen bromide is preferred. The reaction 
may be carried out with commercially available 47% hydro 
bromic acid and 55% hydroiodic acid. 
Reaction Conditions 
More preferred reaction Solvents are aliphatic ether 

compounds, cyclic ether compounds or halogenated hydro 
carbons which have a large Solubility for hydrogen halides 
and the resulting halogen adducts. 
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The reaction temperature is not particularly limited as 

long as Stirring can be carried out well. It is preferably in the 
range of 0°C. to a boiling point of the Solvent, depending on 
the Structure of the compound. It is more preferably in the 
range of room temperature to 80 C. So as to elevate the 
conversion rate. 
The reaction time largely depends on the Structure of the 

compound and the reaction temperature, and the reaction 
shall be completed in about 6 hours after adding hydroha 
logenic acid dropwise. 
Second Step 
The Second Step is characterized by reacting the com 

pound (1b") with the phenol compound (P) in the presence 
of a base to produce the compound (1d"). 
Compound (P) 
The compound (P) used in the etherification reaction is 

the same as that described in the Second Step of the Reaction 
(1) in the process (A). 
Reaction Conditions 
The etherification reaction of the Second step can be 

carried out under conditions of a generally known William 
Son reaction. All conditions for the etherification reaction 
including a base are the same as those described in the 
Second step of the Reaction (1) in the process (A). 
The compounds produced in the respective Steps for 

producing the difluoromethyl ether derivative of the present 
invention can be separated by methods conventionally used 
in organic Synthesis. 

For example, water and an organic Solvent for extraction 
are added to the reaction product and Stirred. The organic 
layer is Separated, then washed with water, and dried over a 
desiccating agent, for example, anhydrous Sodium Sulfate or 
anhydrous magnesium sulfate. Then, the organic solvent is 
removed under reduced pressure to give a product as a 
concentrated residue having a purity of 80% or more. The 
residue is treated by means of a Silica gel chromatography or 
distilled to give a product having a purity of 90% or more. 
The product having a purity of 90% or more is recrystallized 
to obtain a product having a purity of 95% or more. 
Liquid Crystalline Compound (1c) 
The liquid crystalline compound represented by Formula 

(1c) of the present invention has a 1,1-difluoro-propenyloxy 
group as a bonding group. Various excellent physical prop 
erties are shown according to the kind of a ring structure 
connected directly to the bonding group and the kind of a 
Substituent. 
The above compound is classified into the group of 

compounds represented by the following Formulas (1c'-1) to 
(1c'-6) by Suitably Selecting k, l, m and n. 

Y1 Y3 

/ CFO R2 

R-(-)-cis-1/ Y2 Y4 

/ Cro R1 (e) 2-(c)-at-4 Y2 
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Y1 Y3 

/ CFO 2-(-)- al-K)-cis-1/ Y2 y4 

/ CFO 

R1 () Z1 (s) 2-(c)-a-V Y2 

Y1 Y3 

/ CFO 2-(a)- al-(-)-2-(e)-cru? Y2 Y4 

1. 3 Y Y 

al-(-)-cis-V Y2 Y4 

In Formulas, R., R., rings A, A, A, A" and A, Z, Z, Z, 
Z", Y', Yi, Y, Y and o have the same meanings as defined 
above. 
Among these compounds of more Specific concept, a 

compound of two-ring System represented by Formula (1c'- 
1) has a relatively large absolute value of Ae and shows a 
relatively Small An, and it has a low Viscosity and a good 
compatibility at low temperature. When this compound is 
used as a component for a liquid crystal composition, a 
Viscosity of the composition can be reduced while main 
taining an absolute value of Ae thereof, and therefore, a 
liquid crystal composition for high-Speed response can be 
provided. Also, a compound of three-ring System repre 
sented by Formula (1c'-2) or (1c'-3) has a large absolute 
value of Ae, and it shows a liquid crystal phase in a relatively 
wide temperature range. This compound as a component for 
a liquid crystal composition can elevate an absolute value of 
Ae of the composition without lowering a clearing point 
thereof, and therefore, it can provide a liquid crystal com 
position for driving a display element at a low Voltage. 
Further, compounds of four-ring System represented by 
Formulas (1c'-4) to (1c'-6) have a large absolute value of Ae 
and show a relatively large An, and they show a liquid 
crystal phase in the wide temperature range. When this 
compound is used as a component for a liquid crystal 
composition, an absolute value of Ae can be increased, and 
a liquid crystal phase temperature range shown by the liquid 
crystal composition can be extended to a high temperature 
range. 
The compound (1c") wherein ring A is a 1,4- 

cyclohexylene group has a relatively large absolute value of 
Ae, a relatively low An and a high clearing point. The 
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compound wherein ring A is a 14-phenylene group in 
which hydrogen on the ring may be substituted with fluorine 
has a large absolute value of Ae, a relatively high An and a 
low Viscosity. 

The compound (1c) wherein both Y and Y are hydrogen 
And at least one of Y and Y is fluorine or a cyano group 
shows a positive dielectric anisotropy. In particular, the 
compound wherein R is fluorine, a fluoro-substituted alkyl 
group, a fluoro-Substituted alkoxy group or a cyano group 
shows a remarkably large positive dielectric anisotropy. On 
the other hand, the compound wherein both Y and Y are 
hydrogen, both Y and Y are fluorine or cyano groups and 
R is a Substituent other than halogen and a cyano group 
shows a negative dielectric anisotropy. 

In the compound (1c), a bonding group wherein o is any 
integer of 1 to 10 is preferred as the bonding group having 
a 1,1-difluoro-propenyloxy group as a moiety. Bonding 
groups represented by the following Formulas wherein o is 
1, 3 or 5 are particularly preferred from viewpoints of a 
Viscosity and a liquid crystal phase temperature range. 

w / CFO-W (6-1) 
w- y-cro-w (O = 3) 
/ N / CFO-W2 (O =5) 

W 
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k I 

Y3 Y1 

i. 

In Formulas, R., R., rings A, A, A, A" and A, Z, Z, Z, 
Z", Y', Yi, Y, Y', k, l, m and n have the same meanings as 
defined above. 
Liquid Crystal Composition Comprising Liquid Crystalline 
Compound (1c) as a First Component 
The liquid crystal composition according to the present 

invention preferably comprises at least one liquid crystalline 
compound represented by Formula (1) in the proportion of 
0.1 to 99% by weight in order to show excellent character 
istics. 

The liquid crystal composition of the present invention 
may comprise only the first component, i.e., at least one 
liquid crystalline compound represented by Formula (1). 
Preferably, the composition may further comprise as a 
Second component at least one compound (hereinafter 
referred to as Second component A) Selected from the group 
consisting of the compounds represented by Formulas (2), 
(3) and (4) described above and/or at least one compound 
(hereinafter referred to as second component B) Selected 
from the group consisting of the compounds represented by 
Formulas (5) and (6). Further, the composition can comprise 
at least one compound Selected from the group consisting of 
the compounds represented by Formulas (7), (8) and (9) as 
a third component for the purpose of controlling a threshold 
Voltage, a liquid crystal temperature range, a refractive 
anisotropy, a dielectric anisotropy, a Viscosity, etc. The 
respective components of the liquid crystal composition 
used for the present invention make little difference in 
physical properties, and therefore, they may be analogues 
comprising isotopes of the respective elements. 
Second Component A: Compounds (2), (3) and (4) 
Among the compounds represented by Formulas (2), (3) 

and (4) as the Second component A described above, pref 
erable examples are the following compounds of Formulas 
(2-1) to (2-9), (3-1) to (3-97) and (4-1) to (4-33), respec 
tively. 

(2-1) 

(2-2) 
F 

R3 X1 

(2-3) 
F 

R3 X1 

F 

5 

1O 
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-continued 

R3 

X1 

F 

R3 

X1 

F 

R3 

X1 

F 

(2-4) 

(2-5) 

(2-6) 

(2-7) 

(2-8) 

(2-9) 

(3-1) 

(3-2) 

(3-3) 

(3-4) 
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(4-33) 
F 

F F F 

R-()–( )-( ) O X1 

F 

F 

In Formulas, Rand X" have the same meanings as defined 
above. 

These compounds represented by Formulas (2) to (4) 
show a positive dielectric anisotropy and are very excellent 
in heat Stability and chemical Stability, So that they are used 
primarily for liquid crystal compositions for TFT. When 
preparing a liquid crystal composition for TFT, an amount of 
the above compounds may preferably be in the range of 1 to 
99% by weight, more preferably 10 to 97% by weight and 
further preferably 40 to 95% by weight based on the total 
amount of the liquid crystal composition. The compounds 
represented by Formulas (10) to (12) may further be added 
for the purpose of controlling the Viscosity. 
Second Component B: Compounds (5) and (6) 
Among the compounds represented by Formulas (5) and 

(6) as the Second component B described above, preferable 
examples are the following compounds of Formulas (5-1) to 
(5-58) and (6-1) to (6-3), respectively. 

(5-1) 

(5-2) 

(5-3) 
F 

(5-4) 

R4 

X2 

(5-5) 

(5-6) 
F 

(5-7) 

15 

25 

35 

40 

45 

50 

55 

60 

65 

44 
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O 

R4 

-()-x 
F F 

R4 

O 

(5-8) 

(5-9) 

(5-10) 

(5-11) 

(5-12) 

(5-13) 

(5-14) 

(5-15) 

(5-16) 

(5-17) 
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(5-54) 

F 

F F 

R4 

–K)-x F 

(5-55) 
F 

F F 
F 

R4 

O X2 

F 

(5-56) 
F 

F F 
F 

R4 

O X2 

F 

F 

(5-57) 
O 

R -K) ()- 
(5-58) 

(6–2) 

In Formulas, R, R and X have the same meanings as 
defined above. 

These compounds represented by Formulas (5) and (6) 
have a positive dielectric anisotropy, and a value thereof is 
very large, So that they are used mainly for liquid crystal 
compositions for STN and TN. These compounds are used 
as a component of the composition particularly for the 
purpose of reducing a threshold Voltage. Further, they are 
used for the purposes of controlling the Viscosity and the 
refractive anisotropy, expanding the liquid crystal phase 
temperature range, and also improving the Steepness. When 
preparing a liquid crystal composition for STN or TN, an 
amount of the compounds of the Formulas (5) and (6) may 
preferably be in the range of 0.1 to 99.9% by weight, more 
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SO 
preferably 10 to 97% by weight and further preferably 40 to 
95% by weight. A third component described later can be 
mixed for the purpose of controlling the threshold Voltage, 
the liquid crystal phase temperature range, the refractive 
anisotropy, the dielectric anisotropy, the Viscosity, etc. 
Second Component C: Compounds (7), (8) and (9), 
When preparing a liquid crystal composition for a vertical 

alignment mode (VA mode), etc. having a negative dielectric 
anisotropy, preferable is the composition comprising at least 
one compound (hereinafter referred to as Second component 
C) selected from the group consisting of the compounds 
represented by Formulas (7) to (9). Preferable examples of 
the compounds represented by Formulas (7) to (9) among 
the Second component C are the following compounds of 
Formulas (7-1) to (7-3), (8-1) to (8-5) and (9-1) to (9-3), 
respectively. 

(7-1) 
F F 

R6 R7 

(7-2) 
F F 

(7-3) 
O F F 

R6 c ) 4 
O R7 

(8-1) 
F F 

R6 R7 

(8-2) 
F F 

R6 

R7 
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(9-1) 

F F 

(9-2) 
F F 

(9-3) 

In Formulas, R and R7 have the same meanings as defined 
above. 
The compounds represented by Formulas (7) to (9) have 

a negative dielectric anisotropy. The compound of Formula 
(7) is a compound of two-ring System and therefore used 
mainly for the purpose of controlling the threshold Voltage, 
the Viscosity or the refractive anisotropy. The compound of 
Formula (8) is used for the purpose of not only expanding 
the nematic range but also reducing the threshold Voltage 
and increasing the refractive anisotropy. 
The compounds represented by Formulas (7) to (9) are 

used mainly for a liquid crystal composition for a VA mode 
having a negative dielectric anisotropy. If an amount thereof 
is increased, the composition has a reduced threshold Volt 
age but it may also have an increased Viscosity. Therefore, 
an amount thereof is preferably reduced as long as a required 
value of the threshold voltage is satisfied. However, an 
absolute value of the dielectric anisotropy is 5 or less, and 
if an amount of the compounds represented by Formulas (7) 
to (9) are less than 40% by weight, the liquid crystal 
composition may not be driven. Accordingly, an amount of 
the compounds represented by Formulas (7) to (9) is pref 
erably 40% by weight or more when preparing the compo 
sition for a VA mode. It is more preferably in the range of 
50 to 95% by weight. Further, the compounds represented by 
Formulas (7) to (9) may be added to the liquid crystal 
composition having a positive dielectric anisotropy for the 
purpose of controlling an elastic constant and a Voltage 
transmission curve of the composition. In this case, an 
amount of the compounds represented by Formulas (7) to (9) 
is preferably 30% by weight or less. 
Third Component D: Compounds (10), (11) and (12) 
Among the compounds represented by Formulas (10) to 

(12) as the third component for the liquid crystal composi 
tion of the present invention, preferable examples are the 
following compounds of Formulas (10-1) to (10-11), (11-1) 
to (11-12) and (12-1) to (12-6), respectively. 

(10-1) 

(10-2) 
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52 
-continued 

(10-3) 

R8 

R9 

(10-4) 

R8 \ 
R9 

(10-5) 

(10-6) 

R8 

R9 

(10-7) 

C O R8 

-()-r 
(10-8) 

(10-9) 
O 

R8 

-()-r 
(10-10) 

(10-11) 
SN 

R8 \ / R9 
N 

(11-1) 

(11-2) 

R8 \ 
R9 

(11-3) 

R8 

R9 

(11-4) 
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(11-5) 

R8 

(11-6) 
SN 

R8 \ / R9 
N 

(11-7) 
N 

r–K / R9 \ N 
(11-8) 

SN 

r–K) () ()- N 

(11–9) 
SN 

N 

(11-10) 

(12-1) 

R-()–( )—K) ()- 
(12-2) 

F 

R-(-)-( )-() ()-e 
(12-3) 

R-()–()–( )-( )- 
(12-4) 
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(12-5) 
F 

5 

(12-6) 
O 

R8 

In Formulas, RandR have the same meanings as defined 
above. 

The compounds represented by Formulas (10) to (12) 
have a Small absolute value of a dielectric anisotropy and are 
almost neutral. The compound of Formula (10) is used 
mainly for the purpose of controlling the Viscosity or the 
refractive anisotropy. The compounds of Formulas (11) and 
(12) are used for the purpose of expanding the nematic range 
by elevating the clearing point, or controlling the refractive 
anisotropy. 

If an amount of the compounds represented by Formulas 
(10) to (12) is increased, the liquid crystal composition has 
an elevated threshold Voltage and a reduced Viscosity. 
Therefore, the compounds represented by the Formulas (10) 
to (12) are preferably used in a large amount as long as a 
required value of the threshold Voltage of the liquid crystal 
composition is Satisfied. When preparing the liquid crystal 
composition for TFT, an amount of the compounds repre 
sented by Formulas (10) to (12) is preferably 40% by weight 
or less, more preferably 35% by weight or less. When 
preparing the liquid crystal composition for STN or TN, an 
amount of the compounds represented by Formulas (10) to 
(12) is preferably 70% by weight or less, more preferably 
60% by weight or less. 
Optically Active Compound E 
The liquid crystal composition of the present invention 

preferably comprises at least one of the liquid crystalline 
compounds represented by Formula (1) in the proportion of 
0.1 to 99% by weight in order to make low voltage driving 
possible. 
The above liquid crystal composition is generally pre 

pared by a publicly known method, for example, a method 
of dissolving various components at high temperature. 
Further, a chiral dopant is added if necessary, whereby the 
liquid crystal composition can be improved for each purpose 
and optimized. Any chiral dopant may be used as long as it 
can induce a helical Structure of liquid crystals to adjust a 
required twist angle and prevent reverse twist. For example, 
the following optically active compounds can be given as 
the chiral dopant. 

(C15) 
: 

CHs-CH-CHO CN 

CH 
(CB15) 

: 

CHs-CH-CH CN 

CH 
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(CM21) 

O 
: 

CH- ti- O 

CH -()-cal, 1. 
(CM33) 

O 

cano-() { O O 
: 

O-CH-CH 

CH 
(CM43L) 

: 

CH7 cit-h-cut, 
CH 

(CM45) 
O 

: 

O- f 
CHs 

(CM47) 
O 

C8H17O 
; 

O- f 
C2H5 

(CN) 

H3C, CH 

CH 

In the liquid crystal composition of the present invention, 
these optically active compounds are usually added to adjust 
a pitch of twist. The pitch of twist is preferably adjusted in 
the range of 40 to 200 um in the case of the liquid crystal 
compositions for TFT and TN. In the case of the liquid 
crystal composition for STN, it is preferably adjusted in the 
range of 6 to 20 lim. Further, in the case of the liquid crystal 
composition for a bistable TN mode, it is preferably adjusted 
in the range of 1.5 to 4 lum. Two or more optically active 
compounds may be added for the purpose of controlling a 
temperature dependency of the pitch. 

The liquid crystal composition of the present invention 
can also be used as a liquid crystal composition for a G-H 
mode by adding a dichroic dye Such as merocyanine, Styryl, 
aZO, azomethine, azoxy, quinophthalone, anthraquinone and 
tetrazine. The composition according to the present inven 
tion can also be used as a liquid crystal composition for 
NCAP prepared by the micro-encapsulation of nematic 
liquid crystals, for a polymer dispersed liquid crystal display 
element (PDLCD) such as a polymer network liquid crystal 
display element (PNLCD) in which a three-dimensional 
polymer is formed in liquid crystals, and for an electrically 
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S6 
controlled birefringence mode (ECB) or DS mode liquid 
crystal displayS. 
Liquid Crystal Display Element 
The liquid crystal display element according to the 

present invention is characterized by comprising the liquid 
crystal composition of the present invention described 
above. The liquid crystal display element can be constituted 
by means of publicly known methods. 

EXAMPLES 

The present invention shall be explained below in more 
details with reference to examples. In the following 
examples, Cr represents crystal; Sm represents a Smectic 
phase; N represents a nematic phase; and ISO represents an 
isotropic liquid phase. 

In "H-NMR data, s represents a singlet; d represents a 
doublet; and t represents a triplet. In GC-MS, M" represents 
a molecular ion peak. 

Example 1 
Production of 1-(trans-4-(trans-4-propylcyclohexyl)- 

cyclohexyldifluoromethoxy)-3,4,5-trifluorobenzene (the 
compound (1d), wherein k is 1, and l, m and n are 0; R is 
n-propyl; ring A' is trans-1,4-cyclohexylene; Z is a single 
bond; both Y and Y are hydrogen; and all of Y, Y and 
R are fluorine (Compound No. 17)) 
Production of Starting Material, Compound (1a) 

In a nitrogen-purged 1-L three-neck flask equipped with a 
Stirrer, a thermometer and a dropping funnel, 49.7 g (0.23 
mol) of dibromodifluoromethane was dissolved in 100 ml of 
THF and the solution was cooled down to -20° C. while 
stirring. 117 g (0.47 mol) of tris(diethylamino)phosphine 
dissolved in 200 ml of THF was added dropwise at 10° C. 
or lower, and then the Solution was Stirred at room tempera 
ture for one hour. Next, 35 g (0.16 mol) of 4-(trans-4- 
propylcyclohexyl)cyclohexanone dissolved in 100 ml of 
THF was added dropwise at 30° C. or lower, and then the 
Solution was stirred at room temperature for 6 hours. The 
reaction mixture was transferred into a 2-L beaker, and 300 
ml of water and 500 ml of heptane were added thereto. The 
separated heptane layer was washed twice with 300 ml of 
water and dried over anhydrous magnesium Sulfate. The 
Solvent was distilled off under reduced pressure, and then the 
concentrated residue was purified by means of a Silica gel 
column chromatography with heptane as a developing Sol 
vent to obtain 33 g of 4-(trans-4-propylcyclohexyl)-O.C.- 
difluorocyclohexylidene. 
First Step 

In a nitrogen-purged 300-ml three-neck flask equipped 
with a stirrer, a thermometer and a dropping funnel, 10.0 g 
(39.1 mmol) of 4-(trans-4-propylcyclohexyl)-C., C.- 
difluorocyclohexylidene obtained in the above process was 
dissolved in 80 ml of 1,2-dichloroethane and the Solution 
was cooled down to -30° C. while stirring. 6.3 g (39.1 
mmol) of bromine dissolved in 20 ml of 1,2-dichloroethane 
was added dropwise at -25 C. or lower, and the solution 
was stirred for one hour while maintaining the same tem 
perature. 100 ml of water was added to terminate the 
reaction. The reaction mixture was transferred into a 2-L 
beaker, and 300 ml of heptane was added thereto. The 
separated heptane layer was washed three times with 200 ml 
of water and dried over anhydrous magnesium Sulfate. The 
Solvent was distilled off under reduced pressure, and then the 
concentrated residue was purified by means of a Silica gel 
column chromatography with heptane as a developing Sol 
vent to obtain 16.2 g of 1-bromo-1-bromodifluoromethyl 
4-(trans-4-propylcyclohexyl)cyclohexane. 
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Second Step 
In a nitrogen-purged 300-ml three-neck flask equipped 

with a stirrer, a thermometer and a condenser, 10.0 g (24 
mmol) of 1-bromo-1-bromodifluoromethyl-4-(trans-4- 
propylcyclohexyl)cyclohexane obtained in the first step, 4.3 
g (28.8 mmol) of 3,4,5-trifluorophenol, 6.6 g (48.0 mmol) of 
potassium carbonate and 100 ml of DMF were stirred at 
120° C. for 2 hours. The reaction mixture was transferred 
into a 1-Lbeaker, and 100 ml of water and 300 ml of heptane 
were added thereto. The Separated heptane layer was washed 
three times with 200 ml of water and dried over anhydrous 
magnesium sulfate. The solvent was distilled off under 
reduced pressure, and then the concentrated residue was 
purified by means of a Silica gel column chromatography 
with heptane as a developing Solvent to obtain 7.3 g of 
1-(4-(trans-4-propylcyclohexyl)cyclohexene-1-yl 
difluoromethoxy)-3,4,5-trifluorobenzene as colorless crys 
tals. 
Third Step 

In a nitrogen-purged 1-L StainleSS Steel autoclave, 7.3 g 
(18.1 mmol) of 1-(4-(trans-4-propylcyclohexyl) 
cyclohexene-1-yl-difluoromethoxy)-3,4,5-trifluorobenzene 
obtained in the second step was dissolved in 250 ml of a 
mixed Solution of equal amount of toluene/ethanol. 0.6 g of 
5% palladium carbon catalyst was added thereto, and the 
mixture was stirred at room temperature under a hydrogen 
pressure of 0.8 MPa for 5 hours. The catalyst was separated 
from the reaction mixture by filtration, and then the solvent 
was distilled off under reduced pressure. The concentrated 
residue was purified by means of a Silica gel column 
chromatography with heptane as a developing Solvent and 
further recrystallized from a mixed solution of equal amount 
of heptane/ethanol to obtain 5.1 g of 1-(trans-4-(trans-4- 
propylcyclohexyl)-cyclohexylidifluoromethoxy)-3,4,5- 
trifluorobenzene as colorless crystals. 

The above compound showed a liquid crystal phase and 
had a transition point shown below: 

Cr 435 N 103.0 ISO 
The measurements of the various spectral data Strongly 

Supported the Structure of the compound. 
H-NMR (8 ppm, CDC1): 0.87-1.34 (m, 20H), 1.57-2.02 

(m, 7H), 6.82–6.85 (m, 2H) 
'F-NMR (8 ppm): -79.33 (d. 2F, -CFO-), -133.76 to 

-133.83 (m, 2F), -165.21 to -165.31 (m, 1F) 
Example 2 

Production of 1-(trans-4-(trans-4-pentylcyclohexyl)- 
cyclohexyldifluoromethoxy)-4-trifluoromethoxybenzene (a 
compound (1d), wherein k is 1, and l, m and n are 0; R is 
n-pentyl; ring A' is trans-1,4-cyclohexylene; Z is a single 
bond; all of Y', Yi, Y and Y are hydrogen; and R is 
trifluoromethoxy (Compound No. 18)). 
First Step 
A nitrogen-purged 100-ml three-neck flask equipped with 

a stirrer, a thermometer and a condenser was charged with 
8.0 g (28.1 mmol) of 4-(trans-4-pentylcyclohexyl)-O.C.- 
difluorocyclohexylidene obtained by the same method of 
preparing the compound (1a) in Example 1 and 24.2 g (140.7 
mmol) of 47% hydrobromic acid, and the solution was 
heated under reflux for 5 hours. The reaction mixture was 
transferred into a 1-L beaker, and 150 ml of water and 200 
ml of heptane were added thereto. The Separated heptane 
layer was washed three times with 150 ml of water and dried 
over anhydrous magnesium Sulfate. The Solvent was dis 
tilled off under reduced preSSure, and then the concentrated 
residue was purified by means of a Silica gel column 
chromatography with heptane as a developing Solvent to 
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obtain 8.3 g of trans-1-bromodifluoromethyl-4-(trans-4- 
pentylcyclohexyl)cyclohexane. 
Second Step 
A nitrogen-purged 300-ml three-neck flask equipped with 

a stirrer, a thermometer and a condenser was charged with 
8.3 g (22.8 mmol) of trans-1-bromodifluoromethyl-4-(trans 
4-pentylcyclohexyl)cyclohexane obtained in the first step, 
4.9 g (27.3 mmol) of 4-trifluoromethoxyphenol, 3.8 g (27.3 
mmol) of potassium carbonate and 100 ml of DMF, and the 
mixture was stirred at 100° C. for 1.5 hour. The reaction 
mixture was transferred into a 1-L beaker, and 100 ml of 
water and 200 ml of heptane were added thereto. The 
separated heptane layer was washed three times with 150 ml 
of water and dried over anhydrous magnesium Sulfate. The 
Solvent was distilled off under reduced pressure, and then the 
concentrated residue was purified by means of a Silica gel 
column chromatography with heptane as a developing Sol 
vent and further recrystallized from a mixed solution of 
equal amount of heptane/ethanol to obtain 1.2 g of 1-(trans 
4-(trans-4-pentylcyclohexyl)cyclohexyldifluoromethoxy)- 
4-trifluoromethoxybenzene as colorless crystals. 
The above compound showed a liquid crystal phase and 

had a transition point shown below: 
Cr 35.1 Sm 116.7 N 156.9 ISO 
The measurements of the various spectral data Strongly 

Supported the Structure of the compound. 
"H-NMR (8 ppm, CDC1): 0.6–2.2 (m, 31H), 7.19 (bs, 

4H) 
'F-NMR (8 ppm): -51.68 (s, 3F,-OCF), -78.77 (s. 2F, 

-CFO-) 
Example 3 

Production of 1-(3-(trans-4-(trans-4-pentylcyclohexyl)- 
cyclohexyl)-1,1-difluoro-2-prope nyloxy)-3,4,5- 
trifluorobenzene (a compound (1c), wherein k is 1, l, m and 
in are 0; o is 1; R' is n-pentyl; both ring A' and ring A are 
trans-1,4-cyclohexylene; Z' is a single bond; both Y and Y: 
are hydrogen; and all of Y, Y' and R are fluorine 
(Compound No. 105)). 
Production of Starting Material, Compound (1a) 
A nitrogen-purged 1-L three-neck flask equipped with a 

Stirrer, a thermometer and a dropping funnel was charged 
with 16.4 g (107.7 mmol) of sodium chlorodifluoroacetate, 
28.3 g (107.7 mmol) of triphenylphosphine and 200 ml of 
DMF, and the mixture was heated up to 80°C. while stirring. 
A solution of 15.0 g (53.9 mmol) of 1-(trans-4-(trans-4- 
pentylcyclohexyl)-cyclohexyl)acetaldehyde dissolved in 
100 ml of DMF was added dropwise at 80 to 110° C., and 
the Solution was stirred at 100° C. for 2 hours. The reaction 
mixture was transferred into a 2-L beaker, and 500 ml of 
heptane was added thereto. InSoluble materials were Sepa 
rated by filtration by means of a glass filter, and 300 ml of 
water was added thereto. The Separated heptane layer was 
washed twice with 300 ml of water and dried over anhydrous 
magnesium Sulfate. The Solvent was distilled of under 
reduced pressure, and then the concentrated residue was 
purified by means of a Silica gel column chromatography 
with heptane as a developing Solvent to obtain 14.1 g of 
1,1-difluoro-3-(trans-4-(trans-4-pentylcyclohexyl) 
cyclohexyl)-1-propene. 
First Step 

In a nitrogen-purged 300-ml three-neck flask equipped 
with a stirrer, a thermometer and a dropping funnel, 10.0 g 
(32.0 mmol) of 1,1-difluoro-3-(trans-4-(trans-4- 
pentylcyclohexyl)cyclohexyl)-1-propene obtained in the 
above process was dissolved in 100 ml of 1,2- 
dichloroethane and the solution was cooled down to -30° C. 
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while stirring. 5.4 g (33.6 mmol) of bromine dissolved in 20 
ml of 1,2-dichloroethane was added dropwise at -25 C. or 
lower, and the Solution was stirred for one hour while 
maintaining the same temperature. 100 ml of water was 
added to terminate the reaction. The reaction mixture was 
transferred into a 1-L beaker, and 300 ml of heptane was 
added thereto. The Separated heptane layer was washed three 
times with 200 ml of water and dried over anhydrous 
magnesium sulfate. The solvent was distilled off under 
reduced pressure, and then the concentrated residue was 
purified by means of a Silica gel column chromatography 
with heptane as a developing Solvent to obtain 14.2 g of 
1,2-dibromo-1,1-difluoro-3-(trans-4-(trans-4- 
pentylcyclohexyl)-cyclohexyl)propane. 
Second Step 
A nitrogen-purged 300-ml three-neck flask equipped with 

a stirrer, a thermometer and a condenser was charged with 
10.0 g (21.2 mmol) of 1,2-dibromo-1,1-difluoro-3-(trans-4- 
(trans-4-pentylcyclohexyl)cyclohexyl)propane obtained in 
the first step, 3.8 g (25.4 mmol) of 3,4,5-trifluorophenol, 5.9 
g (42.4 mmol) of potassium carbonate and 100 ml of DMF, 
and the mixture was stirred at 120° C. for 2 hours. The 
reaction mixture was transferred into a 1-L beaker, and 100 
ml of water and 300 ml of heptane were added thereto. The 
separated heptane layer was washed three times with 200 ml 
of water and dried over anhydrous magnesium Sulfate. The 
Solvent was distilled off under reduced pressure, and then the 
concentrated residue was purified by means of a Silica gel 
column chromatography with heptane as a developing Sol 
vent and further recrystallized from a mixed solution of 
equal amount of heptane/ethanol to obtain 7.7 g of 1-(3- 
(trans-4-(trans-4-pentylcyclohexyl)cyclohexyl)-1,1- 
difluoro-2-propenyloxy)-3,4,5-trifluorobenzene (Compound 
No. 105) as colorless crystals. 

Example 4 
Production of 1-(3-(trans-4-(trans-4-pentylcyclohexyl)- 

cyclohexyl)-1,1-difluoropropoxy)-3,4,5-trifluorobenzene (a 
compound (1d"), wherein k is 1; 1, m and n are 0; o is 1; R' 
is n-pentyl; ring A' is trans-1,4-cyclohexylene; Z is a single 
bond; both Y and Y are hydrogen; and all of Y, Y and 
Rare fluorine (Compound No. 66)). 

In a nitrogen-purged 1-L StainleSS Steel autoclave, 7.7 g 
(16.8 mmol) of 1-(3-(trans-4-(trans-4-pentylcyclohexyl) 
cyclohexyl)-1,1-difluoro-2-prope nyloxy)-3,4,5- 
trifluorobenzene obtained in Example 3 was dissolved in 
200 ml of a mixed solution of equal amount of toluene/ 
ethanol. 0.8 g of 5% palladium carbon catalyst was added 
thereto, and the mixture was stirred at room temperature 
under a hydrogen pressure of 0.1 to 0.2 MPa for 10 hours. 
The catalyst was separated from the reaction mixture by 
filtration, and then the Solvent was distilled off under 
reduced preSSure. The concentrated residue was purified by 
means of a Silica gel column chromatography with heptane 
as a developing Solvent and further recrystallized from a 
mixed Solution of equal amount of heptane/ethanol to obtain 
4.9 g of 1-(3-(trans-4-(trans-4-pentylcyclohexyl)- 
cyclohexyl)-1,1-difluoropropoxy)-3,4,5-trifluorobenzene as 
colorless crystals. 

The above compound showed a liquid crystal phase and 
had a transition point shown below: 

Cr 65.5 (SA50.76) N 116.9 Iso 
"H-NMR (8 ppm, CDC1): 0.8-2.2 (m, 35H), 6.85-6.88 

(m, 2H). 
'F-NMR (8 ppm): -79.26 (t, 2F, -CFO-), -133.53 to 

-133.65 (m, 2F), -165.00 to -165.06 (m, 1F). 
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GC-MS(EI): 460(M", 12.5%), 148(92.4), 97(93.6), 

83(100), 81 (55.0), 69(54.9), 55(76.4), 41(30.7). 

Example 5 

Production of 1-(3-(4'-propyl-3,5-difluorobiphenyl-4-yl)- 
1,1-difluoropropenyloxy)-3,4,5-trifluorobenzene (a com 
pound (1 d), wherein k is 1; 1, m and n are 0; o is 1; R is 
n-propyl; ring A' is 1,4-phenylene, and ring A is 3.5- 
difluoro-1,4-phenylene; Z' is a single bond; both Y and Y: 
are hydrogen; and all of Y, Y' and R are fluorine 
(Compound No. 108)). 
First Step of Producing Starting Material, Compound (1a) 

In a 1-L three-neck flask equipped with a Stirrer, a 
thermometer and a dropping funnel, a THF solution (300 ml) 
of 23.2 g (100 mmol) of 3,5-difluoro-4'-propylbiphenyl was 
cooled down to -70° C. under nitrogen atmosphere, and 69 
ml (110 mmol) of n-butyllithium (1.6M hexane solution) 
was added dropwise thereto. The solution was stirred at 70 
C. for one hour, and then a THF solution (10 ml) of 9.3 ml 
(120 mmol) of DMF was added dropwise and further stirred 
for one hour. The reaction mixture was poured into 200 ml 
of 1N hydrochloric acid and extracted with 200 ml of 
heptane. The heptane layer was washed in turn with 200 ml 
of water, 200 ml of a Saturated aqueous Sodium hydrogen 
carbonate Solution and 200 ml of water, and then dried over 
anhydrous magnesium sulfate. The solvent was distilled off 
under reduced pressure, and then the concentrated residue 
was purified by means of a Silica gel column chromatogra 
phy (developing Solvent: heptane/toluene=4/6) to obtain 
26.0 g (100 mmol, yield: 100%) of 3,5-difluoro-4-formyl 
4'-propylbiphenyl as colorless oily Substance. 
Second Step of Producing Starting Material, Compound 
(1a) 

In a 1-L three-neck flask equipped with a Stirrer, a 
thermometer and a dropping funnel, a THF solution (250 ml) 
of 42.2 g (130 mmol) of methoxymethyltriphenylphos 
phonium chloride was cooled down to 0°C. under nitrogen 
atmosphere, and 14.6 g (130 mmol) of potassium tert 
butoxide was added thereto little by little, followed by 
Stirring at room temperature for one hour. The Solution was 
cooled down again to 0°C., and then a THF solution (150 
ml) of 26.0 g (100 mmol) of 3,5-difluoro-4-formyl-4'- 
propylbiphenyl obtained above was added dropwise, fol 
lowed by stirring at room temperature for 2 hours. The 
reaction mixture was pored into 200 ml of water and 
extracted with toluene, and the toluene layer was dried over 
anhydrous magnesium sulfate. The solvent was distilled off 
under reduced pressure, and then the concentrated residue 
was purified by means of a Silica gel column chromatogra 
phy (developing Solvent: heptane/toluene=1/10) to obtain 
28.8 g (100 mmol, yield: 100%) of a reaction product 
(colorless oily substance). In a 500-ml Kjeldahl flask, 28.8 
g (100 mmol) of the resulting product was dissolved in 200 
ml of toluene, and 70 ml of formic acid was added thereto, 
followed by heating under reflux for 6 hours. After cooling 
down, the reaction solution was poured into 200 ml of water 
and extracted with 100 ml of toluene. The toluene layer was 
washed in turn with water (100 mlx3), a saturated aqueous 
sodium hydrogencarbonate solution (100 mlx2) and water 
(200 mlx1), and then dried over anhydrous magnesium 
Sulfate. The solvent was distilled off, and then the concen 
trated residue was purified by means of a Silica gel column 
chromatography (developing Solvent: heptane/toluene=1/1) 
to obtain 26.2 g (95.6 mmol, yield: 96%) of 2-(3,5-difluoro 
4'-propylbiphenyl-4-yl)acetaldehyde (colorless oily 
Substance). 
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Third Step of Producing Starting Material, Compound (1a) 
In a 1-L three-neck flask equipped with a Stirrer, a 

thermometer and a dropping funnel, a DMF solution (300 
ml) of 11.0 g (40 mmol) of 2-(3,5-difluoro-4'- 
propylbiphenyl-4-yl)acetaldehyde obtained above and 21.0 
g (80 mmol) of triphenylphosphine was heated to 110° C. 
under nitrogen atmosphere, and a DMF solution (250 ml) of 
30.6 g (200 mmol) of sodium chlorodifluoroacetate was 
added dropwise thereto, followed by stirring for one hour. 
After cooling down, the reaction mixture was poured into 
2000 ml of water and extracted with toluene (300 mlx2), and 
then the toluene layer was dried over anhydrous magnesium 
Sulfate. The solvent was distilled off, and then the concen 
trated residue was purified by means of a Silica gel column 
chromatography (developing Solvent: heptane) to obtain 8.5 
g (27.6 mmol, yield: 6.4%) of 3-(3,5-difluoro-4'- 
propylbiphenyl-4-yl)-1,1-difluoro-1-propene (colorless oily 
Substance). 
First Step 

In a 1-L three-neck flask equipped with a Stirrer, a 
thermometer and a dropping funnel, a methylene chloride 
solution (90 ml) of 3.0 g (9.9 mmol) of 3-(3,5-difluoro-4'- 
propylbiphenyl-4-yl)-1,1-difluoro-1-propene obtained 
above was cooled down to -30° C. under nitrogen 
atmosphere, and a methylene chloride Solution (10 ml) of 
1.7 g (10.9 mmol) of bromine was added dropwise thereto. 
When a brown color of bromine faded, the reaction mixture 
was poured into ice water and extracted with methylene 
chloride, and then the methylene chloride layer was dried 
over anhydrous magnesium Sulfate. The Solvent was dis 
tilled off, and then the concentrated residue was purified by 
means of a silica gel column chromatography (developing 
solvent: heptane) to obtain 3.0 g (6.3 mmol, yield: 64%) of 
3-(3,5-difluoro-4'-propylbiphenyl-4-yl)-1,2-dibromo-1,1- 
difluoropropane (colorless oily Substance). 
Second Step 

In a 300-ml three-neck flask equipped with a stirrer, a 
thermometer and a dropping funnel, a DMF solution (70 ml) 
of 6.9 g (14.6 mmol) of 3-(3,5-difluoro-4'-propylbiphenyl 
4-yl)-1,2-dibromo-1,1-difluoropropane obtained above, 0.24 

compound 
No. 

1. 

cut-O- CFO -()– CHs 
F 

cut-O- CFO - - CHs 
F F 

car-O)– CFO -3- C2H5 
4 

car-O)– CFO -()– F 

Structure 
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g (0.73 mmol) of tetrabutylammonium bromide, 4.0 g (29 
mmol) of potassium carbonate and 3.2 g (22 mmol) of 
3,4,5-trifluorophenol was stirred at 100° C. for 30 minutes 
under nitrogen atmosphere. After cooling down, the reaction 
mixture was poured into water and extracted with methylene 
chloride, and then the methylene chloride layer was dried 
over anhydrous magnesium Sulfate. The Solvent was dis 
tilled off under reduced pressure, and then the concentrated 
residue was purified by means of a Silica gel column 
chromatography (developing Solvent: heptane) and further 
recrystallized from a mixed Solvent of heptane/ethanol to 
thereby obtain 3.2 g (7.1 mmol, yield: 49%) of the desired 
1-(3-(4'-propyl-3,5-difluorobiphenyl-4-yl)-1,1- 
difluoropropenyloxy)-3,4,5-trifluorobenzene (colorless 
crystals). This compound showed a liquid crystal phase and 
had a transition point shown below: 

Cr 47.4 N 51.5 ISO 

The measurements of the various spectral data Strongly 
Supported the Structure of the compound. 

H-NMR (8 ppm, CDC1): 0.97 (t, J=7.3 Hz, 3H), 1.67 
(m, 2H), 2.64 (t, J=7.4 Hz, 2H), 6.65 (dt, J=6.8, 16.5 Hz, 
1H), 6.94 (dd, J=6.1, 7.7 Hz, 2H), 7.18 (d, J=10.1 Hz, 2H), 
7.26 (d, J=16.5, 1H), 7.27 (d, J=8.0 Hz, 2H), 7.48 (d, J=8.0 
Hz, 2H), 
'C-NMR (8 ppm, CDC1): 14.2, 24.8, 38.1, 107.5 (d. 

J=5.7 Hz), 107.7 (d, J-5.7 Hz), 121.7 (t, J-261.5 Hz), 123.9 
(t, J=7.5 Hz), 124.2 (tt, J=8.7, 32.2 Hz), 126.8, 129.8, 135.7, 
137.6 (t, J=15.9 Hz), 139.5 (t, J=15.0 Hz), 144.3, 144.8 (t, 
J=5.1, 10.8 Hz), 152.4 (dd, J=5.5, 10.6 Hz), 1610 (d, J=7.9 
Hz), 163.0 (d, J=8.1 Hz), 
'F-NMR: -68.1 (d, J=6.2 Hz), -111.9 (d, J=10.4 Hz), 

-133.2 (m), -164.3 (m) 
GC-MS(EI), m/z(%): 454(M',1), 309(2), 308(21), 307 

(100), 279(3), 278(13), 277(2), 259(3). 
The following difluoromethyl ether derivatives 

(Compound No. 1 to 91) can suitably be produced according 
to the methods shown in Examples 1, 2 and 4. The com 
pounds prepared in Examples 1, 2 and 4 are also shown 
below. 

data 
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The following compounds having a 1,1-difluoro-2- 
propenyloxy group as a bonding group (Compound No. 92 
to 146) can Suitably be produced according to the methods 
shown in Examples 3 and 5. The compounds prepared in 
Examples 3 and 5 are also shown below. 

compound No. Structure data 
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Example 6 
Liquid Crystal Composition Comprising Liquid Crystalline 
Compound (1c) as First Component 
A nematic liquid crystal composition (hereinafter referred 

to as liquid crystal composition A) comprising cyanophe 
nylcyclohexane liquid crystalline compounds: 

4-(4-propylcyclohexyl)benzonitrile 24% 
4-(4-pentylcyclohexyl)benzonitrile 36% 
4-(4-heptylcyclohexyl)benzonitrile 25% 
4-(4-(4-pentylcyclohexyl)phenyl)benzonitrile 15% 

has the following properties. 
Clearing point (TNI): 71.7 C.; threshold voltage (Vth) in a 
cell thickness of 8.8 um: 1.78 V, Ae: 11.0; An: 0.137; and 
viscosity (m) at 20° C.: 26.3 mPa's. 
A liquid crystal composition comprising 85% by weight 

of this liquid crystal composition A and 15% by weight of 
1-(3-(4'-propyl-3,5-difluorobiphenyl-4-yl)-1,1- 
difluoropropenyloxy)-3,4,5-trifluorobenzene (Compound 
No. 108) obtained in Example 5 was prepared. It had the 
following properties: 
Clearing point (TNI): 68.5 C.; threshold voltage (Vth) in a 
cell thickness of 8.9 um: 1.50 V, Ae: 14.6; An: 0.144, 
viscosity (m) at 20° C.: 29.2 mPa's. 

The above compound had the following physical 
properties, which were calculated from those of the liquid 
crystal composition and the mixing ratio of the compounds 
according to an extrapolation: 

Clearing point (TNI): 50.4° C.; Ae: 31.6; An: 0.184; and 
viscosity (m) at 20° C.: 40.0 mPa's. 

EFFECTS OF THE INVENTION 

The difluoromethyl ether derivative of the present inven 
tion can readily and Safely be produced in a high yield by 
using the process of the present invention. 

Further, the difluoromethyl ether derivative of the present 
invention is a liquid crystalline compound having an excel 
lent compatibility with other liquid crystal compounds. 
Thus, novel liquid crystal compositions having optimum 
physical properties required to various liquid crystal display 
elements can be prepared by using this liquid crystalline 
compound as a component therefor and Suitably Selecting 
rings, Substituents and bonding groups constituting the com 
pound. 
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F F 

CFO CHs 

F F F F 

CFO ( ) ( ) () CHs 
F F F F F F 

CFO ( ) ( ) ( ) OCHs 
What is claimed is: 
1. A liquid crystalline compound represented by Formula 

(1c): 

(1c') 

k I 

Y1 Y3 

-CFO 2-()) (-C)}- 
i. 

Y2 Y4 

wherein R and Reach independently represent hydrogen, 
halogen, a cyano group or an alkyl group having 1 to 20 
carbon atoms, in which at least one -CH- may be 
Substituted with O-, S-, CH=CH O 
-C=C- but -O-is not adjacent to another -O-, and 
in which any hydrogen may be substituted with fluorine; 

rings A, A, A, A" and A each independently represent 
a 1,4-cyclohexylene group in which at least one 
-CH - may be substituted with -O- or -S-, or 
a 1,4-phenylene group in which at least one =CH 
may be substituted with =N- and at least one hydro 
gen on the ring may be Substituted with fluorine, a 
cyano group or an alkyl group having 1 to 10 carbon 
atoms, 

Z", Z, Z and Z' each independently represent a single 
bond or an alkylene group having 1 to 4 carbon atoms, 
in which at least one -CH - may be substituted with 
O-, -S-, -CH=CH- or -C=C-but-O 

is not adjacent to another -O-, and in which any 
hydrogen may be substituted with fluorine; 

Y', Y, Y and Y each independently represent 
hydrogen, halogen, a cyano group or an alkyl group 
having 1 to 10 carbon atoms, 

k, l, m and in each independently represent 0 or 1; and O 
represents an integer of 1-10. 

2. The liquid crystalline compound of Formula (1c) as 
claimed in claim 1, wherein ring A is a 1,4-cyclohexylene 
grOup. 
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3. The liquid crystalline compound of Formula (1c) as 
claimed in claim 1, wherein both Y and Y are fluorine, and 
both Y and Y are hydrogen. 

4. The liquid crystalline compound of Formula (1c) as 
claimed in claim 1, wherein both Y and Y are hydrogen. 

5. A liquid crystal composition comprising at least one 
liquid crystalline compound as claimed in claim 1. 

6. A liquid crystal composition comprising at least one 
liquid crystalline compound as claimed in claim 1 as a first 
component and at least one compound Selected from the 
group A consisting of compounds (2), (3) and (4) as a second 
component: 

L1 

R3 -(-)- 75 -(- X1 
L2 

(3) 

(4) 

L1 

-(-)-(-)--O--- 
L2 

wherein R represents an alkyl group having 1 to 10 carbon 
atoms, in which any -CH2- not adjacent to each other 
may be substituted with -O- or -CH=CH- and any 
hydrogen may be substituted with fluorine; X' represents 
fluorine, chlorine, -OCF, -OCFH, -CF, -CFH, 
-CFH,-OCFCF-H or —OCFCFHCF; L and Leach 
independently represent hydrogen or fluorine; Z and Z 
each independently represent -(CH2)-, -(CH2)4-, 
COO-, -CFO-, -OCF-, -CH=CH- or a 

Single bond; rings A and B each independently represent a 
1,4-cyclohexylene group, a 1,3-dioxane-2,5-diyl group, or a 
1,4-phenylene group in which hydrogen may be Substituted 
with fluorine; and ring C represents a 1,4-cyclohexylene 
group, or a 1,4-phenylene group in which hydrogen may be 
Substituted with fluorine. 

(2) 

7. A liquid crystal composition comprising at least one 
compound as claimed in claim 1 as a first component and at 
least one compound Selected from the group B consisting of 
compounds (5) and (6) as a second component: 

(5) 
3 L 

R4 (e) (e) Z7 ( ) (e) X2 
b C 

L4 
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-continued 

(6) 

wherein R* and Reach independently represent an alkyl 
group having 1 to 10 carbon atoms, in which any -CH2 
not adjacent to each other may be substituted with-O- or 
-CH=CH- and any hydrogen may be substituted with 
fluorine; X represents -CN or -C=C-CN; ring D 
represents a 1,4-cyclohexylene group, a 1,4-phenylene 
group, a 1,3-dioxane-2,5-diyl group or a pyrimidine-2,5-diyl 
group, ring E represents a 14-cyclohexylene group, a 1,4- 
phenylene group in which hydrogen may be Substituted with 
fluorine, or a pyrimidine-2,5-diyl group, ring F represents a 
1,4-cyclohexylene group or a 1,4-phenylene group; Z rep 
resents -(CH) ,-COO-, -CFO-, -OCF- or a 
single bond; Li, L' and L each independently represent 
hydrogen or fluorine; and b, c and d each independently 
represent 0 or 1. 

8. A liquid crystal composition comprising at least one 
compound as claimed in claim 1 as a first component and at 
least one compound Selected from the group C consisting of 
compounds (7), (8) and (9) as a second component: 

(7 
F F 

(8) 
F F 

(9) 

L6 L6 L7 L7 

wherein R and R7 each independently represent an alkyl 
group having 1 to 10 carbon atoms, in which any -CH2 
not adjacent to each other may be substituted with-O- or 
-CH=CH- and any hydrogen may be substituted with 
fluorine, rings G and I each independently represent a 
1,4-cyclohexylene group or a 1,4-phenylene group; L and 
L7 each independently represent hydrogen or fluorine, but 
Land L are not hydrogen at the same time; and Z and Z 
each independently represent -(CH2)--, -COO- or a 
Single bond. 

9. A liquid crystal composition comprising at least one 
compound as claimed in claim 1 as a first component, at least 
one compound Selected from the group A consisting of the 
compounds (2), (3) and (4) as a second component and at 
least one compound Selected from the group D consisting of 
compounds (10), (11) and (12) as a third component: 
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L1 

R3 -(-)- 75 -(- X1 
L2 

(3) 

(4) 

wherein R represents an alkyl group having 1 to 10 carbon 
atoms, in which any -CH2- not adjacent to each other 
may be substituted with -O- or -CH=CH- and any 
hydrogen may be substituted with fluorine; X' represents 
fluorine, chlorine, -OCF, -OCFH, -CF, -CFH, 
-CFH,-OCFCF-H or —OCFCFHCF; L and Leach 
independently represent hydrogen or fluorine; Z and Z 
each independently represent -(CH2)2-, -(CH2)4-, 
COO-, -CFO-, -OCF-, -CH=CH- or a 

Single bond; rings A and B each independently represent a 
1,4-cyclohexylene group, a 1,3-dioxane-2,5-diyl group, or a 
1,4-phenylene group in which hydrogen may be Substituted 
with fluorine; and ring C represents a 1,4-cyclohexylene 
group, or a 1,4-phenylene group in which hydrogen may be 
Substituted with fluorine, 

(11) 

(12) 

R-O-()-2'-(-)-(E)-e 
wherein R and Reach independently represent an alkyl 
group having 1 to 10 carbon atoms, in which any -CH2 
not adjacent to each other may be substituted with-O- or 
-CH=CH- and any hydrogen may be substituted with 
fluorine, rings J, K and M each independently represent a 
1,4-cyclohexylene group, a pyrimidine-2,5-diyl group, or a 
1,4-phenylene group in which hydrogen may be Substituted 
with fluorine; and Z' and Z' each independently represent 
CEC-, -COO-, -(CH) , -CH=CH- or a 

Single bond. 
10. A liquid crystal composition comprising at least one 

compound as claimed in claim 1 as a first component, at least 

(2) 

(10) 
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one compound Selected from the group B consisting of the 
compounds (5) and (6) as a Second component and at least 
one compound Selected from the group D consisting of the 
compounds (10), (11) and (12) as a third component. 

(5) 

L3 

r–(o) (KO) r(K)) (-()-x b C 

L4 

L5 (6) 

e-( ) ( ) ( ) F 
N d 

wherein R* and Reach independently represent an alkyl 
group having 1 to 10 carbon atoms, in which any -CH 
not adjacent to each other may be substituted with-O- or 
-CH=CH- and any hydrogen may be substituted with 
fluorine; X represents -CN or -C=C-CN; ring D 
represents a 1,4-cyclohexylene group, a 1,4-phenylene 
group, a 1,3-dioxane-2,5-diyl group or a pyrimidine-2,5-diyl 
group, ring E represents a 14-cyclohexylene group, a 1,4- 
phenylene group in which hydrogen may be Substituted with 
fluorine, or a pyrimidine-2,5-diyl group, ring F represents a 
1,4-cyclohexylene group or a 1,4-phenylene group; Z rep 
resents -(CH-)-, -COO-, -CFO-, -OCF- or a 
single bond; L. L and L each independently represent 
hydrogen or fluorine; and b, c and d each independently 
represent 0 or 1, 

(11) 

(12) 

R-O-()-2'-(-)-(a)- 
wherein R and Reach independently represent an alkyl 
group having 1 to 10 carbon atoms, in which any -CH2 
not adjacent to each other may be substituted with-O- or 
-CH=CH- and any hydrogen may be substituted with 
fluorine, rings J, K and M each independently represent a 
1,4-cyclohexylene group, a pyrimidine-2,5-diyl group, or a 
1,4-phenylene group in which hydrogen may be Substituted 
with fluorine; and Z' and Z' each independently represent 
C=C-, -COO-, -(CH)-, -CH=CH- or a 

Single bond. 
11. A liquid crystal composition comprising at least one 

compound as claimed in claim 9 as a first component, at least 
one compound Selected from the compound group C con 
sisting of the compounds (7), (8) and (9) as a second 
component and at least one compound Selected from the 
compound group D consisting of the compounds (10), (11) 
and (12) as a third component. 

(10) 
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F F 
(7) 

(8) 
F F 

(9) 

L6 L6 L7 L7 

wherein R and R7 each independently represent an alkyl 
group having 1 to 10 carbon atoms, in which any -CH2 
not adjacent to each other may be substituted with-O- or 
-CH=CH- and any hydrogen may be substituted with 
fluorine, rings G and I each independently represent a 
1,4-cyclohexylene group or a 1,4-phenylene group; L and 
L7 each independently represent hydrogen or fluorine, but 
Land L7 are not hydrogen at the same time; and Z and Z 
each independently represent -(CH2)--, -COO- or a 
Single bond, 

(11) 

(12) 

R-O-()-2'-(-)-(E)-e 
wherein R and Reach independently represent an alkyl 
group having 1 to 10 carbon atoms, in which any -CH 
not adjacent to each other may be substituted with-O- or 
-CH=CH- and any hydrogen may be substituted with 
fluorine, rings J, K and M each independently represent a 
1,4-cyclohexylene group, a pyrimidine-2,5-diyl group, or a 
1,4-phenylene group in which hydrogen may be Substituted 
with fluorine; and Z' and Z' each independently represent 
CEC ,-COO-,-(CH)-, -C=CH- or a single 

bond. 

12. A liquid crystal composition comprising at least one 
compound as claimed in claim 1 as a first component, at least 
one compound Selected from the group A consisting of 
compounds (2), (3) and (4) and at least one compound 
Selected from the group B consisting of compounds (5) and 
(6) as a second component and at least one compound 
Selected from the group D consisting of compounds (10), 
(11) and (12) as a third component 

(10) 

5 

1O 
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L1 

R3 -(-)- 75 -(- X1 
L2 

(3) 

(4) 

wherein R represents an alkyl group having 1 to 10 carbon 
atoms, in which any -CH2- not adjacent to each other 
may be substituted with -O- or -CH=CH- and any 
hydrogen may be substituted with fluorine; X' represents 
fluorine, chlorine, -OCF, -OCFH, -CF, -CFH, 
—CFH,-OCFCF-H or --OCFCFHCF; L and Leach 
independently represent hydrogen or fluorine; Z and Z 
each independently represent -(CH2)2-, -(CH2)4-, 
COO-, -CFO-, -OCF-, -CH=CH- or a 

Single bond; rings A and B each independently represent a 
1,4-cyclohexylene group, a 1,3-dioxane-2,5-diyl group, or a 
1,4-phenylene group in which hydrogen may be Substituted 
with fluorine; and ring C represents a 1,4-cyclohexylene 
group, or a 1,4-phenylene group in which hydrogen may be 
Substituted with fluorine, 

(2) 

(5) 

r–(o) (KO) r(K)) (-()-x b C 

L5 (6) 

SN 

e- KOK-KX N d 

wherein R* and Reach independently represent an alkyl 
group having 1 to 10 carbon atoms, in which any -OH,- 
not adjacent to each other may be substituted with-O- or 
-CH=CH- and any hydrogen may be substituted with 
fluorine; X represents -CN or -C=C-CN; ring D 
represents a 1,4-cyclohexylene group, a 1,4-phenylene 
group, a 1,3-dioxane-2,5-diyl group or a pyrimidine-2,5-diyl 
group, ring E represents a 14-cyclohexylene group, a 1,4- 
phenylene group in which hydrogen may be Substituted with 
fluorine, or a pyrimidine-2,5-diyl group, ring F represents a 
1,4-cyclohexylene group or a 1,4-phenylene group; Z rep 
resents -(CH) ,-COO-, -CFO-, -OCF- or a 
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single bond; L. L and L each independently represent 
hydrogen or fluorine; and b, c and d each independently 
represent 0 or 1, 

(10) 5 

(11) 
1. 

(12) 

1. 
R8 Z10 R9 

102 
wherein R and Reach independently represent an alkyl 
group having 1 to 10 carbon atoms, in which any -CH 
not adjacent to each other may be substituted with-O- or 
-CH=CH- and any hydrogen may be substituted with 
fluorine, rings J, K and M each independently represent a 
1,4-cyclohexylene group, a pyrimidine-2,5-diyl group, or a 
1,4-phenylene group in which hydrogen may be Substituted 
with fluorine; and Z' and Z' each independently represent 
C=C-,-COO-,-(CH)-, -C=CH- or a single 

bond. 
13. A liquid crystal composition comprising the liquid 

crystal composition as claimed in claim 5, and further, at 
least one optically active compound. 

14. A liquid crystal display element comprising the liquid 
crystal composition as claimed in claim 5. 

15. A liquid crystal display element comprising the liquid 
crystal composition as claimed in claim 13. 

k k k k k 


